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IHE Committee appointed by the Royal Seciety to direkt the pub- 
lication of the Philoſophical Tranſactions, take this opportunity to 


a * the Public, chat it fully appears, as well from the council - books 
and journals of the Society, as from repeated declarations which have 
been made in ſeveral former Tranſactiont, that the printing of them was 

always, from time to time, the ſingle act of the reſpective Secretaries, till 


the Forty - ſeventh Volume: the Society, as a Body, never intereſting them- 


s ſelyes any further in their publication, than by occaſionally recommending 
the revival of them to ſome of their Secretaries, when, from the particular 
circumſtances of their affairs, the Tranſactions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
| been done with a view to ſatisfy the Public, that their uſual meetings 
were then continued, for the improvement of knowledge, and benefit of 
mankind, the great ends of their firſt inſtitution by the Royal Charters, 
and which they have ever ſince ſteadily purſued. 
But the Society being of late years greatly inlarged, and their com- 


munications more numerous, it was thought adviſable, that a Committee 


of their members ſhould be appointed to reconſider the papers read be- 


fore them, and ſelect out of them ſuch as. they ſhould judge moſt pro- 


per for publication in the future Tanſactions; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and ſingularity of the ſub- 
jects, or the advantageous manner of treating them; without pretending 
to anſwer for the certainty of the facts, or propriety of the reaſonings, 


contained in the ſeveral papers ſo publiſhed, which muſt ſtill reſt on the 
credit or judgment of their reſpective authors. 
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bliſhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any ſubject, either of Nature or Art, 
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n 1s Iikewiſe — on this occafion to Fenk, that it is an TRY 


that comes before them. And therefore the thanks, which are fre- 
quently propoſed from the Chair, to be given to the authors of ſuch pa- 
pers as are read at their accuſtomed meetings, or to the perſons through 
whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the reſpect ſhewn to the Society 


by thoſe communications. The like alſo is to be faid with regard to 
the ſeveral proj jets, inventions, and curioſities of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thoſe who 
exhibit them, frequently take the liberty to report, and even to certify 5 
in the public news · papers, that they have met with the higheſt applauſe 

and approbation. And therefore it is hoped, that no regard will here 

after be paid to ſuch reports, and public notices; which in ſome inſtances 
have been too lightly credited, to the diſhotour of the Society. | 
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Places of the Eclipſe of the Sun, which happened on June 3, 
1788. By the Rev. Joſeph Piazzi, C. R. Profeſſor of Aſtronomy 
in the Univerſity of Palermo; communicated by N evil Maſke- 
lyne, D. D. F. R. S. and Aſtronomer 1 


VII. An Account of a bituminous Late or Plain in the Nand of 


Trinidad. By Mr. Alexander Anderion ; ; communicated by 
Sir Joſeph Banks, Bart. P. R. S. p- 65 


8 VIII. An Account of 4 particular Change 9 Strutture i in the 


human Ovarium. By Matthew "oily ** D. z communi- 
cated by John Hunter, Eg. F. R. & N 


1 X. Home Account. of. the V egetable 2 Myneral Produtti ons of 


* A Meteorological Journal 3 at the 8 .of the 


Boutan and Thibet. By Mr. Robert Saunders, Surgeon at 
| Boglepoor in Bengal; communicated &y Sir Joſeph Banks, 
Bart. > R. S. "1D. ; 3 p- 79 
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adjudged, for the Year 1788, the Medal on Sir GobraETr 
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| CorLey's Donation, to CnARIxs BLAODEN, M. D. Sec. 
R. S. for his Two Papers | on Congelation, printed in the 
laſt Volume of the Philoſophical Tranſactions. 
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ERHAPS 1 are e inſtruments that Pos: folk! 
their defi ign in general, or more naturally repreſent. t the 


, 1 # 


movements they are intended to explain and illuſtrate, than 


the terreſtrial and celeſtial globe, which are alſo applied to 


reſolve ſome of the problems of the ſphere, which they moſt 


readily do. I believe, however, that whoever applies to 
Vor. LXXIX. go them 


Si communicated by Mr. Wilkam Wales „ 


k 
- 
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2 ' them for hs laſt mentioned purpoſe, will find them wed 
defective in. ſome reſpects than they are in others. 


* The difficulty that has occurred in fixing a . t 


5g 


ao * 


as to have a center in the zenith and nadir points of the globe, 
at the ſame time that the meridian is left at liberty to raiſe the 


pole to its defired elevation, I ſy ppoſe, has induced the globe- 


makers to be contented with the Arip of thin flexible braſs, 
called the quadrant of altitude; and it is well known how 


imperfe &ly it performs its office. 


The improvement I haye attempted, is in 10 application of 
a quadrant of altitude, of a more ſolid conſtruction; which 


being affixed to a braſs ſocket of ſome length, and this ground, ” 


| and made to turn upon an upright ſteel ſpindle, fixed in the 
E zenith, ſteadily directs the quadrant, or rather arc, of altitude 


to its true azzmuth, without being at liberty to deviate from a 


vertical circle to the right hand or left: by which means the 


azimuth and altitude are given with the ſame exaQtuels as the | 


meaſure of any other of the great « . 


With reſpe& to the horary circle, as the, common . _ 
ſeems very convenient on account of the ready adjuſtment of 


its index to anſwer the culmination of any of the heavenly 


| bodies; and as I find that a circle of four inches diameter is 


parts, anſwerable to two minutes of time each, which may ſerve 
a globe of the largeſt ſize; it ſeems that it ſhould rather be im- 


capable of an actual and very diſtinguiſhable diviſion into 720 


Froved than omitted; and, if inſtead of a pointer, an index ffroke 
1s uſed in the fame plane with that of the diviſions, the ſingle 
minutes, and even half minutes, may be readily diſtinguiſhed. 

This globe, though mounted merely as a model for experi- 
ment, and only nine inches in diameter, appears capable of 
bringing out the ſolution to a quarter of a degree; which, I 


appre- 
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8 in the 2 by Altivade, W 
apprehend, may be eſteemed ſufficient not only as a check 
upon numerical computation, but to come near enough to find 
ſtars in the day- time in the field of teleſcopes, which, having 
no equatorial motion, are only capable of direction in altitude 
and azimuth ; but from globes of a larger _ we N expect 
to come proportionably nearer. | 


 Beplanation of the 8 Plate 1 I. 


The figures 1. and 2. being different views of the ſame 
things, AB repreſents a line, in common to both, in the fur- 


CD, CD, are vertical lines, ſuppoſed to paſs through. the 
center of the globe i in each figure; and 

EFG, EFG, are portions of great cireles of the globe. 

Fig. 1. ſuppoſes the ſpectator looking at the apparatus of 
dhe globe from the ſouth point of the horizon; therefore the 
circular arch EFG, in this poſition, will be a part of the 
F prime vertical, and the ſmall paralellogram Hl is ſuppoſed to be 
2 ſection of the braſs meridian, according to that vertical plane. 
Fig. 2. is a view of the fame parts, the ſpectator being 
ſuppoſed to look at them from the weſt point of the horizon; 
and in this poſition HI is ſuppoſed to be a portion of the braſs 
meridian. This being fixed i in mind, in what follows the ſame 
letters denote the ſame parts in both figures. —KLM denotes 
a a piece of braſs, or braſs carriage, made to fit * the ver- 
tical part of the meridian, and capable of {liding 5* on each 
ſide of that point, ſo as to adjuſt to it, and to fix faſt there, by 
means of the finger ſcrew N*, This piece of braſs carries 
* The holes repreſented in the portion of the braſs meridian (HI, fig. 2.) are 
ſcrew holes at five degrees diſtance, in this quarter of the circle, into any of 


which the finger ſcrew N is to be put as occaſion may A 3; the fit allowing 
ſufficiently for adjuſtment. 


B 2 5 


face of the horizon, which here is of braſs. 1 2 


3 15 — 8 Deren 7 an N 
the hs ſpindle. FQ, which is firmly ſocketed into it at K. 
according to the dotted lines or, or. The axis of this ſpindle is 
therefore capable of being ſet upright upon. the zenith paint, 
aud to maintain that poſition with a ſufficient degree of firm» 
neſs —Rg, Rg, repreſents the ſection of a braſs ſocket made to. 
ft the ſpindle, and turn round freely upon it; and when home 
to the ſhoulder at oo, to turn without ſhake ; the ſocket and- 
ſpindle being a ſmall matter taper, and ground together. On 
one fide of the ſocket is firmly fixed the arm ST, by ſcrews or 
ſolder. UW is an arch of 80 degrees, ſerving inſtead of the 
quadrant of altitude, and of the ſame Subſtance as the. meri · 
dian. This is firmly ſcrewed to the arm, and adjuſted by 
conſtruction, ſo that when the ſpindle is vertical, the face of 
this arch ſhall make part of a vertical circle —This arch being 
a portion of a circle, of the ſame diameter as the braſs meri- 
dian, when i its Point zero at w reſts upon the braſs Horizon, 
its inſide ſurface 18 made to agree with that of the horizon 
by, r means of a ſmall thin nib of braſs ; 3 that being attached to 
the inſide of the bottom of the quadrant of altitude at W, and 
projecting a little below it, gently bears againſt the inſide 
-of the horizon, in a ſubſtance « occupying about half the clearance. 
between, the body of the globe and its ſurrounding horizon: 
this nib, ſeen edgeways, is ſhewn at the letter X. By this 
means the altitude of the object is ſhewn upon the working face 
of the quadrant, and the quadrant” bottom ſhews the azi- 
muth upon the horizon; at the ſame time the globe 1 is free to 
revolve upon its axis, clear of all the circles. 
The quadrant might be made complete to go? ; but as in 
theſe middle latitudes there is very little huſineſs for azimuths 
when the altitudes are above 80, and as J judged it eligible, 
| that the quadrant ſhould be 3 capable of working on both 


des the meridian; that wound be prevented by the neceſſary 
2 | thickneſs 


> 
L. 
7 
8 


thickneſs that. the circles require. to give them ſolidity, i in con- 
tradiſtinction to mathematical planes; unleſs 2 part of a qua- 


drant was cut out next the vertex to give them clearance: by 


this means the arch being lifted up from the ſpindle, and put 
en the other fide of the braſs meridian for the afternoon, it 
will then come within 10* or; 15? of the meridian ; and if tlie 
uſe of this ſpace ſhould. be wanted, it can be ſupplied by 


reverſing the ſimilar operation for the morning; and the back 
fide of the upper end of the quadrant at U being champered, 
or bevilled off, this will admit it to come as near to the meri- 


dian as I have mentioned. 
The ſteel ſpindle is eafily adjuſted . to the Zenith ; fin the 


globe being reQified to its latitude, ſet the braſs carriage "= 
liberty, bring the quadrant and meridian together, face to- 


face, and ſlide the carriage, till the lower extremity of the 


quadrage + buts upon the horizon, and there ſcrew it faſt. 
EE however, to be noted, that I have found ſomething 


neceſſary by way of holdfafl, to prevent the braſs meridian from 


ſhifting its latitude, and that without confining it in any other 
reſpect. What I have found to anſwer, this Purpoſe i is repre= 


ſented, fig. 3. The crutch-like piece of wood ABC is ſhewn 


as ſeen looking right down upon it. The circle DE is the hori- 
zontal ſection of the ſouth pillar of the globe. The ſtrong wire 
pin FG, that goes through the two arms of the crutch and pillar, 
ſerves as an axis upon which its other extremity at B is at free 


liberty to lift up and down, but without ſhake upon the pin; 
and the whole being ſplit with a fine ſaw, from B to H, the notch: 


BK lays. hold of the under fids of the braſs meridian, and by 
tightening the finger ſcrew LM, it firmly clips it, and retains: 
it in any given poſition. And that it may be under no confine- 


ment croſs-wways, the hole in the pillar is opened on both ſides, 
28 
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en @ the ſeQion, to give e it liberty of WET 
this pin being faſt in the two — of the crutch, and turning N 
"gently in the pillar; the Re Ne gender and Nat, 
_ in your of FR * 
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* 
N. B. Thoſe that OY of his 8 to the bef advantage 
to ſolve problems, ſhould be careful to get a Juſt declination, 
as alſo a aint point to mark it; and as the circles and diviſions | 
upon the ſurface of tlie globe itſelf, are not always ſufficiently 
to be depended on for this purpoſe, Þ have found the following 
- expedient fully to anſwer. Chuſe any plain white part of the 
 globe's ſurface, anſwerable to the declination | given, and with 
the point of a needle or protracting pin, by the help of the 
diviſions of the braſs meridian, mark a fine point upon the 
blank ſurface of the globe, and upon this point make a dot 
with ink, with the ſmall point of a pen, which rub off with 
the finger, and it will leave a fine black ſpeck behind. This 
dot being brought to the meridian, rectify the horary index 
=. to it, and it will accurately repreſent ti the center of the celeſtial 
= ve whole wag. oped Is wanted” 
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II. Objetiis 70 the E ITE and 7 Ob OT n to FAY _ 
Principle of Acidit 'y, the Compoſition of Water, and Pblo- 
gifton, conſi dered ; with farther E. xperiments and Obſervations 
on the ſame Subjed. hy the Rev. Joſeph Prieſtley, LL. D. 
F. R. F. 3 . 


Read November 27, 1788. 


A VING never failed, when the experiments were con- 
ducted with due attention, to procure ſome acid when- 
ever I decompoſed dephlogiſticated and inflammable air in 
cloſe veſſels, I concluded that an acid was the neceflary reſult 
of the union of. thoſe two kinds of air, and not water only; 
which is an hypotheſis that has been maintained. by Mr. La-- 
voisIER and others, and which has been made the baſis of 
an intifely new ſyſtem. of chemiſtry, to which a new ſyſtem. =. 
terms and characters has been adapted. The fan bat I 
alleged were not diſputed; but to my conclufion it was ob- 
jected, that the acid 1 procured might come from the phlo- 
giſticated air, which in one of my proceſſes could not be 
excluded; and that it was reaſonable to conelude that this 
was the caſe, becauſe Mr. Cavennisn had procured the ſame | 
acid, viz. the nitrous, by decompoſing dephlogiſticated and =» 
phlogiſticated air with the electric ſpark... In other caſes it has 
been faid, that the fixed air I procured came from the plumbago 
in the iron from which my inflammable air had been extracted. 
With reſpect to the former of theſe objections I would ob- 
ſerve, that my proceſs is very different from that of Mr. 
CAVENDISH;, 


- 
, 1 


ment of mixing a given quantity of phlogiſticated air with the 
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= „ Pareeyrne” A 
\ Cxvanvim; | his decompoſition being a very flow i one by e elec- 
tricity, and mine a very rapid one by fimple ignition, a. proceſs 
by which phlogiſticated air, as I found by actual trial, Vas not 
"at all affected; the dephlogiſticated and inflammable airs unit- 
in 8 and leavin g the Phlogiſticated air (as they probably would 
any other kind of air with which they, might have deen 
mixed) juſt a as ĩt 988 i 


I would alſo obſerve, that FR is no contradiction * 


between Mr. Cavenvisn's experiment and mine, fince phlo- 


giſticated air may contain phlogiſton, and by means of electri- 
city this principle. may be evolved, and unite with the dephlo- 
_ piſticated air (or with the acid principle contained in it) as in 
the proceſs. of ſimple 3 ignition the ſame principle is evolved from 
mende air, in order to form the ſame union; in conſe- 
quence of which, the water, which was a neceffary ingredient 
in the compoſition. of both the kinds of air, is precipitated. 
That in other circumſtances than thoſe in which I made the 
experiments, the acid wholly eſcaped, and nothing but water 
was found, may be eaſily accounted for, from the ſmall quan- 
tity of the acid principle in proportion to the water, and the 
extreme volatility of it, owing, I preſume, to its bish - 
a when formed in this manner. 

In order to aſcertain the effect of the iu of phlogiſti- 
cated air in this proceſs, I now not only repeated the experi- 


two other kinds of air, and found, as before, that it was not 


affected by the operation; but I made the experiment with 


atmoſpheric air, inſtead of dephlogiſticated. Since the air of 
the atmoſphere contains a greater proportion of phlogiſticated 


air, it might be expected that, if the acid I got before came 
from the ſmall quantity of phlogiſticated air which I could 


VILE | | l 


- cher, pn nn agg got ina 5 . 
inſtead of endeavouring to exclude it, I purpoſely introduced 2 
greater quantity. But the conſequence was tho production of 
much leſs acid than before, the liquor I procured being ſome - 
times not to be diſtinguiſhed from pure water, except by tbe 
greateſt attention poſſible ; for though the decompoſition was 
made in the ſame copper veſſel which I uſed in the former 
experiments, there was now no ſenſible ne of * colour 

in * 
When I . this: experiment in a olaſs veſſel, 11 per- 
r. as I imagined, the reaſon of the ſmall produce of acid 
in theſe new circumſtances : for the veſſel was filled with a 
vapour. which was not ſoon: condenſed, and being diffuſed 
through the phlogiſticated air (which 1 is not affected by the 
proceſs) is drawn away along with it, when the exhauſting of 
the tube is repeated; whereas, when there is little or no air in 
the veſſel beſides the two kinds which unite with each other, 
and are decompoſed, the acid vapour, having nothing to attach 
itſelf to and ſupport it (by being entangled with it) much 
ſooner attacks the copper, making the deep green liquor which 
I have deſcribed. Sometimes, however, I have procured a 
liquor which was ſenſibly green by the decompoſition of atmo- 
ſpheric and inflammable air, but by no means of ſo deep a 
colour, or ſo 2 acid, as when the 2 — air is 


5 uſed. 


The extreme volatility of the acid thus formed (and which 
accounts for the eſcape of ſome part of it in all theſe pro- 
ceſſes) is apparent from this circumſtance, that if the explo- 
ſions be made in quick ſucceſſion (the tube being exhauſted 
immediately after each of them, and filled again as ſoon as 
poſſible) no liquor at all will be collected, the whole of the 
Vol., LXXIX. e acid 
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bind bring dran off incondenſedin erery proceſs. once 

made twenty ſudceſſive exploſions of this kind, in a copper 
tube, out of which I fbund that I drew 47 ounce meaſures of 
air by the action of a and found not a ſingle drop of 
liquid, though near an Hour was employed in the whole pro- 
ceſs, an+ the veſſel was never made more than a little warmer 
than my hand. This was a degree of heat by no means ſuf- 
ficient to keep the whole of any quantity of water in a ſtate 
of vapour; and is a eircumſtance that of itſelf e 
Proves, that the vapour did not conſiſt of water onl . 
Indeed, I think it impoſſible for any one to ſee this pour 
in a tall glaſs veſſel, and eſpecially to obſerve how it falls from 
one end of it to the other, and the time that is required to its 
wholly diſappearing, without being ſatisfied that it conſiſts of 
ſomething elſe than mere water, the vapour of which would be : 
more equally. diffuſed. If the appearance to the eye ſhould 
fail to convince any perſon of this, the ſenſe of ſmell would 
do it: for even in a glaſs veſſel it is very offenſive, though it 
| might not be pronounced to be acid. 1 conjecture, how- 
erer, that this, and every other ſpecies of ſmell, is produced by 
ſome modification of the acid or alkaline principle. Some may 
be diſpoſed to aſcribe this ſmell to the iron from which the 
inflammable air was produced; but the ſmell is the ſame, or 
nearly ſo, when the air is from tin, and would probably be the | 
ſame if it were from any other ſubſtance. a 
Heſides uſing atmoſpheric air, which contains a greater pro- 
portion of phlogiſticated air, I have ſometimes uſed dephlogiſti- 
cated air which was not very pure; and in this cafe I have 
always obſerved, that the liquor I procured had leſs colour, 
and was leſs ſenſibly acid. | 
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did. not. e come from the ET air - which could not. be 
excluded, whether it Was chat which remained in the veſſel 
after exhauſting it by the air pump, or that with which al 


But beſides theſe experiments, in which 1 e the 
green. acid liquor by the exploſion of. dephlogiſticated and i in 
flammable air in cloſe veſſels, 1 made another, to which 1 
thought the ſame objection could not have been made, becauſe 
no air pump was uſed in it, and nothing but the pureſt dephlo- 
giſticated air was employed, being ſeparated in the proceſs from 
precipitate per ſe iu contact with the pureſt inflammable air in a 


glaſs veſſel which had been previouſly filled with. mercury. 
Accordingly, the only. objection made to this experiment was, 
that the preparation I made uſe of might be 1 impure. contain- 
ing ſomething. which might yield phlogiſticated | air. This 55 
appeared to me highly improbable, as the precipitate had been 
made by M. Caper, and for the purpoſe of philoſophical 
experiments. Beſides, if the heat of a burning lens ſhould 


diſlodge phlogiſticated air from any un perceived impurity in | 
this preparation, mere heat will not- decompoſe this air. Let 


any perſon try the effect of a lens on ſuch air, or any ſub- 
ſtance containing it, and produce an acid if he can. 


M. BxRTHOLLRT, however, thinking that this might be 


: the caſe, deſired that I would ſend him a ſpecimen of my pre- 
cipitate ber Je. Accordingly, I ſent him all that remained of 
it; and, in return, he ſent me a quantity on, the goodneſs of 


which I might depend. With. this: preparation I repeated, my 
former experiment; 3 and, by giving more attention to the 
"i proceſs, 
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of my opinion than Thad imagined.” In the former experiment I 


turned the juice of torn red, I concluded, that it contained 
nitrous acid: but I now examined the air that remained in the 


Was impregnated, and not the nitrous. Still, however, ſome | 


air, and not water only. A quantity of the ſame — 
ber e yielded no fixed air by heat. 


in dephlogiſticated air, this general concluſion may be drawn, 
_ vis. that when either inflammable or dephlogiſticated air is 
extracted from any ſubſtance in contact with the other kind of 
air, ſo that one of them is made to unite with the other in 
what may be called its naſcent fate, the reſult will be fixed air; 

but that if both of them be completely * before * 
union, the refult will be nitrous acid. 


experiments may come from the plumbago in the iron from 
which the inflammable air is obtained. But fince we aſcertain | 


enter into the inflammable air procured from it. Beſides, ac- 


_comes from water only. 
As it cannot be ſaid, that any real fixed air is fouud in in- 


ceſs, Sond 4 ir to be far more Xeuibively abi in fivour 


had attended only to the drop of water which was found in the 
'veffel in which the proceſs was made; and finding that it 


veſſel, and found that a confiderable proportion-of it was fixed 
Air; ſo that I am now fatisfied thit was the acid with which it 


acid 1 is the conſtant reſult of the union of the two kinds of 


Comparing this experiment with that in which iron is wnited 


It has been faid, that the fixed air produced in both weis | 


the quantity of plumbago contained in iron by what remains after 
its ſolution in acids, it is in the higheſt degree improbable, that 
whatever plumbago there may be in iron, any part of it ſhould 


cording to the antiphlogiſtic hypotheſis, all inflammable air 


flammable air from iron * it is not diſcoverable by lime- 
1 water) 
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nent ee fixed air are in it ; but one of theſe elements is 


pure air, and the mixture of nitrous air ſhews, that it dntains 
no ſuch thing, though, according to M. ö fixed 
air contains 72 parts in 100 of pure air. 
However, being apprized of this objection to Ala abds i air 
from iron, I made uſe of inflammable air from tin, and1 bad the 


fame reſult as with that from iron. I alſo calculated the weight 


of the fixed air which 1 got in the proceſs, and comparing- 
it with the plumbago which the iron neceſſary to make the 
inflammable could have contained, I found, that, in all the 
caſes, it far exceeded the weight of the plumbago; fo that it: 
was abſolutely impoſſible, that the fixed air which I found. 
ſhould have had this origin. For the greater ſatisfaction, 1 ſhall- 
recite the particulars of a few experiments of this kind. 

In ten ounce meäſures of inflammable air from malleable 
iron I revived red precipitate till there remained only 1. I OZ. 


meaſure of air, and of this 0.07 oz. m. was fixed air, being 


completely abſorbed by water. The weight « of this air would 
be 0.063 gr. But, fince 960 grains of iron will yield 1054 
oz. meaſures of inflammable air, the iron employed in procuring 


all the inflammable air that was uſed in this experiment, viz. 


8.9 oz. meaſures (without allowing for any that went to the 


revivification of the mercury) would be 8. 1 grains; and fince 


M. BzexoMan ſuppoſes, that 100 grains of iron contains 0.12 
gr. of plumbago, the quantity of it in this iron would 
only be 0.01008 gr. which is not "= a fixth part of the 
weight of the fixed air. 

With the precipitate per ſe, ſent me by M. Bexruor.LET, 
I revived mercury till 81 0z. m. of inflammable air was reduced. 
to 21 0z. m., and of this 0.04 oz. m. at leaſt was fixed air. 


This 
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1 . as 4s pot qyite o much in proportion as in the precediu, 
= - Fees. bu abundantly | more than the FROM: o, the 
1 3 lumbago. 5 
= In 8 oz. m. "of is. air 1 pk it minium (hich, 2 
1 nd to have exactiy the ſame effect in this proceſs as red pre- 
= OA. or, precipitate per 22. till it was reduced to 1.2 OZ. 
1 4 m. 3j and of this 0.028 oz. m. was fixed air, which would ex- 
\\F] ceed the weight of the plumbago more than three times. In 
28 reviving lead from maflicot (which 1 prepared by expelling the 
\\ I pure air from minium) 1 had no fixed air in the reſiduum. 
uw In 7 oz. m. of .inflammable air from tin by ſpirit of ſalt, 
MI || 1 revived red precipitate | ell i it was. reduced to 1.1 OZ. m.; and 
* in this the fixed air was ſomething more than | in proportion to 
0 f 2.5 that in the laſt experiment. 1 PEE 1 
j In my! laſt volume of Experiments, p p- 30. 1 mentioned * 
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=_ inſtances of the. revival of red precipitate in inflammable air, 

5 without finding any fixed air, though in one 1 perceived a A 

flight appearance of it. To this I can only fay, that I now 

1555 always find it, and have, | in the preceding caſes, meaſured the 

quantity of it; ſo that, though I did not find any before, I 

' muſt preſume that I did not uſe the ſame precautions that I 

did at this time: and i it is poſſible, that I might not attend to 

the effect of admitting a large quantity of water to a ſmall 

quantity of fixed air, which would preſently, abſorb the 

greateſt part of it. I alſo think I recollect, that I then con- 

tinued the proceſs as far as I poſſihly could, and conſequently 

left very little air in the veſſel; whereas I now purpoſely left 

a good deal, that the admiſſion of water might have leſs 
effect on the fixed air diffuſed through it. 1 

This alſo may be ſaid in farour of the greater accuracy of 

my preſent experiments, that they intirely remove a very great 

difficulty, 
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7 nGeulty, which I acknowledged, p. 128. — 
reſults from ſeemingly. ſimilar cireumſtances; v whe: eas 
find that both the circumſtances and the reſults are ferent. 
| Beſides; the poſiirve evidence of actually finding a ſubſtance is 
lways more concluſive than the negative one, of not finding 
do not know that any objection can be made to the inflam- 
nable air from tin, as this metal has not been proved to con- 
ain plumbago. I wiſhed, however, to repeat this experi- 
nent with inflammable air from ſulphur. But though, when 
| Team is ſent over melted ſulphur, a {mall quantity of inflam- ' 
nable air is procured, as J obſerved in my laſt volume of expe- 
iments; yet, as ſulphur cannot part with much phlogiſton, 
xcept in proportion as it imbibes pure air, to form oil of vitriol, 
could not in chis manner * er . — _ 
wurpoſe.. ,' 1 — Ia edt os, 
In order to ſopply the ic ſalpbur 2 pure air, 1 = * 
t a quantity of turbith mineral; but this made it yield vitriolio 
21d air, though in great abundance, there not being, I ima - 
ine, water enough to form inflammable air: for when iron is 
liſſolved in concentrated acid of vitriol, vitriolic acid air is pro» © 
juced; but in diluted vitriolic acid, the produce is inflammable- 
ir. With a view to ſupply theſe. materials with water, I 
| ſent ſteam over them; but it did not combine with the air, 5 
which was ſtill only vitriolic acid air. f e 
Since, however, vitriolic acid air enqueſlicunhly contains- 
the ſame principle which forms the inflammability of inflam 
mable air, this experiment proves, that ſulphur is not that 
ſimple ſubſtance which the antiphlogiſtians ſuppoſe it to be; 
but that it contains phlogiſton. Had it been nothing more 


than a ſubſtance wh had a ſtrong affinity to pure air, it would. 
8 have 
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Aw united- with hs pure 40 Som the turbith hah aid 
have made vitriolic acid; but'n no vitriolic acid air * — 
| been produced. 
That vitriolic acid air contains "Y fins mb prin - 
ciple with inflammable air is evident from the quantity of 
vitriolic acid air which I produced by reviving copper from blue 
vitriol in inflammable air. See my Experiments, vol. VI. p. 
t. Mr. Kixwax alſo produced this air from ſulphur and red 
-precipitate. See his Trektiſe on Phlogiſton, p. 9. 2 
When l uſed a ſmall quantity of ſulphur in proportion to 
the turbith mineral, the firſt produce was vitriolic acid air, 
f and p afterwards. dephlogiſticated 5 air, from the turbith mineral 
alone, the effect of the ſulphur having been exhauſted. 
According to the antiphlogiſtic-theory, phoſphorus, as well as 
ſulphur, - is a ſimple ſubſtance; and when it is ignited imbibes 
pure air, and thereby becomes the phoſphoric acid, without 
parting with any thing. But I find, that after the accenſion 
of it in dephlogiſticated air, there is a conſiderable quantity of 
fixed air in the reſiduum; and this fixed air could only be 
foimed by the union of the dephlogiſticated air in the veſſel 
witch the phlogiſton contained in the phoſphorus. Mr. Kis- 
bea had a ſimilar reſult from phoſphorus confined in atmo- 
ſpheric air. As it is not pretended, that there is any plumbago in 
phoſphorus, this.experiment is not liable to the objection that 
has been made to thoſe in which inflammable air from iron 
was made uſe of. a 5 
It will be expected, that 1 in this 1 to "mm objedtions that 
have been made to my experiments eſtabliſhing the doctrine of 
phlogiſton, I ſhould conſider what has been alledged by Meſſ. 
 Lavorsier, BERTHOLLET, and DE FourcRoy, in favour of 
their new nw, in their r on the ſubject of the new 
* N — chemical 


„„ t  Phlogiin, br. Part Mi. 8 
| chemical; characters invented by Meſſ. HASSENFRATZ and. 
Abnr, ſubjoined to the new Nomenclature Chymique. 1 ſhall 


therefore notice what 1 to me to be moſt n in 
that publication. 


One of the articles of the mode Jodtrine * (of which how 
fay, p. 311.“ that it coſt more than twenty years labour, which 
« the force of reaſoning has obliged many celebrated chemiſts to 
« adopt, and in favour of which much greater numbers are ready 
« to decide ; ;” and the evidence for which they ſay, p. 301. 
« is the moſt complete chemical proof), which. ſeems the 
6 moſt ſolidly eſtabliſhed,” p. 298, © is the formation, the 
i decompoſition, and recompoſition of water; and how is 
« it poſſible,” they add, to doubt of it, when we ſee that, 
«in burning together 15 grains of inflammable air and 85 of 
„ pure air, we get exactly 100 grains of water ; and when we 
can, by decompoſition, find again theſe ſame two principles 
in the ſame proportions?” | 
Jo this I muſt fay, as 1 how Fly as * VI. p- 
I 39- (and. when I wrote that, I was myſelf a believer in the 
decompoſition of water), that have never been able to find 
the full weight of the air decompoſed i in the water produced 
by the decompoſition; and that now 1 apprehend. it will not 
be denied, that the produce of this dexprmpoliting is not mere 
water, but always ſome acid. 5 

As to the ſuppoſed, decompoſition of water Fol means of 
iron, I have ſhewn that it is a fallacy ; ſince the iron imbibes 
nothing but water when it parts with its phlogiſton. And f 
hare obſerved (Experiments, vol. VI. p. 83), that when this 
finery cinder is reconverted into iron by inflammable air, 
nothing but water is expelled from it; and that the reſiduum 
of the air is purely inflammable, without containing any fixed 


Vor. ... — air. 
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ot * bene, kherefore, thit the iron had ienbibed pore | 
witer only. Had ehe fror imbibed dephlogifticated air from 
_ the water, and not Water itfelf, there ſeems to be no reaſom 
why fixed air ſhould not be found in this, as well as in the 
exactly fitdilar proceſs with minium and precipitate per ſe. 
Alſo, it can never be ſuppoſed, that the addition which ror 
guns, of one- third of its weight, is from air contained in 
ſteam, if it could be proved to contain any; becauſe, if there 
de a ſuffictent quantity of iron, the whole of the water will 
be imbibed; fo thar, on this — water muff de nothing 
but dephlogiſticated aft condenſed. 3 
Tlͤhere 18, I acknowledge, a great 1 in explaining the 
experiment of iron firſt imbibing water, and parting with phlo- 
giſton, and again parting with its water, and imbibing phlo- 
piſton, in cire umſtances of heat ſo nearly ſimilar as thoſe which 
T bare deſcribed. It ſeerns as if the affinity of iron to water and 
to phlogiſton was each, in their turns, ſtronger than the other. 
To this I can only fay, that the whole doctrine of affinities, 
Us far as it is true, is founded on facts; and theſe are clearly 
uch as T have repreſented ; and that a difference of circum- 
| ances, which is not apparent at preſent, may become ſo 
"ww we ſhall have given fufficient attention to them. 
In order to ſatisfy myſelf whether any thing beſides water 
was expelled from finery cinder by heat, I went through ſimi- 
lar proceſſes with this ſubſtance and maſſrot, from which all 
air had been previouſly expelled ; and after reviving both of 
them in inflammable air, I found the reſults, in all reſpects, 
the very ſame. The reſiduums of the inflammable air were 
equally free from fixed air; and when they were fired with 
equal quantities of dephlogiſticated air, the diminutions of 
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the ſurface of the "mercury, it can be no other than che experi- 
ment of thè revival af Iten from finety cinder; and the water 


veſſels 1 have made uſe of, as' 'they were pretty remafkable. 
The exploſions were made by a a ſmall electrit ſpark at one end 


at the other end. No tinned iron veſſel could bear many of 
them before they ſwelled'out at that end, an 


produced as appesrin both on the infide of the veſſel, 


and or 


that is found in this proceſs was never ſuppoſed to com from 
the little that is contained in the inflammable air, Lanka 
much greater quantity contained in the Eirider, ang: 


Before I conclude this Paper, I (hall juſt" mention a few r. | 
emaſiandes attending the many exploſions 1 have made of in- 
flammable and dephlogiſticated air in the long metallie and hiſs. 


of the veſſel, and the greateſt force of the exploſion was always 


and at length burſt; 
and even the flat end of the copper veſſel, which was not leſs . 


than one-tenth of an inch thick, was in time made quite convex, 
and the cylindrical part next to it was made very ſenſibly | 


wider than any other part of the tube. This muſt have been 


effected by mere Jorce, and not by beat; for the hotteſt part 
of the tube, aſter every exploſion, was never there, but always 
about the middle, though ſomething nearer to that end than 
the other, and in the . ** * denſe cloud was "—_ 
formed at that end. 5 
The probability is, wer the air whites ahi cleric ſpark 

is made taking fire firſt, the inflammation does-not extend 
itſelf fo rapidly but that the air at the oppoſite end' is firſt 
condenſed, in conſequence of the inflammation and expanſion — 
of the air at the other end, fo that the air is there fired 1 in a 
| condenſed ſtate; and bence 1 its greater force. 


* * 5 he 2 . * a4) * p * 9 * * — = ay * 1 e 1 _ 
I — 2 l x ö 72. * ww IV” AS*7 my 7 
1 - o . * * « * * * * . 
1 * - 1 *. * q J 2 « 
p k = oo - : =- _— * 
. - - . © 
9 4 


989 
, - . | © ; * — * 5 . f 2 s 
3 a f N ry | , 
. — * 4 * > : * by ** , 
S 74 ; %! | FJ * * 118 1 ” a 
= 4 a 4 - — 
. ? b S..4 5 
1 9 : 17 7 * 1 3 e b = | 
2 oy 0 : Ws * # . © 5 * 5 „ £% 223 % 8 4 2 A 7 ain . : | | a | * 
* 7 & TE J & * 5 & 3 1 F 7 Y 4 : F . . TS TW" - 
1 . ; a e 5 4 „ # + * * N * 3 nne . 1 # +. % * ; , 's ! P33 * 4 
5 - k * 1 
a * 4 & —_ ” 8 7 * 8 : , — 
8 12114 2 


Nh; 


Ill. 8 01, the, Ch FI Pray olds. * . 
Anpbibia; . particularly on the Means of di linguijhing thoſe 


Serpents rubich are Venomous, from thoſe. whi ch are not ſo. 
ir Edward Whinkes Gn, M. D. F. R. S. 


%* © * 1 bo . N — 


8 * 59 — 4 . yy 
5 . % \& 8 1 5 5 =” 1 þ 1 * 
. F 1 


| Read December 10. 1788, 


1 21 "2 F * 5 q 9 . 


17 thay various * of. the animal 8 no one As 5 
been ſo little attended to as the claſs, called by LIx- 


NES, Amphibia. What he himſelf did in that claſs (though 
fat ſuperior to what any other perſon has done) was evidently - 
done in a hurry; ; falſe references are, at leaſt, as common in 
that, as in any other part of his works, and many of his 
_ deſcriptions are given in a very careleſs manner; others there 
are, however, which are truly worthy of their author, and 
in which the ſpecific characters are pointed out with that 
dlearneſs and preciſion, which ſo eminently diſtinguiſh the 
- Arden of LIN us from thoſe of all his predeceſſors. 


In the conſtruction of the claſs, Linnzvs has been particu- 


ay unfortunate; as be has erred, not only in making an uni- 
locular heart one of the characters of it, but alſo in making 
the cartilaginous fiſhes a part of it. I think it needleſs to men- 
tion the cauſes which led him to this latter error ; every ana- 
tomiſt now agrees that the Amphibia Nantes are not furniſhed | 


with lungs; and every naturaliſt is convinced of the propriety of 
removing them, from the claſs of Amphibia, to that of Fiſhes. 
I ſhall only obſerve that, by the removal, the name of the 

SO MEISE: 5 claſs 
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cls which ſome naturaliſts have cavilled at) becomes much 
lefs objeCtionable ; there being few genera, in the two orders of 
which it is now preſumed to conſiſt, which do not contain 
animals to which the term amphibious may, with ſome pro- 
pfiety, be given; whereas, in the order of Nantes, not one 
| ſpecies occurs which has the ſmalleſt claim to that title. With 
reſpect to the other error I noticed (viz. that of ſuppoſing the 
hearts of the Amphibia to be ſingle) it would be eaſy to ſnew 
that it was not an uncommon one, at the time Lixxxus 
formed his ſyſtem. And indeed he appears to have been led 
into it, by following an author whom he probably ſuppoſed 
of too great fame not to be ſafely relied on. Atleaſt, in de- 
fence of his opinion, he quotes the following words ef Borax - 
HAAVE. © In omnibus animalibus in quibus ſanguis nus culet, ven- 
4 triculus cordis oft unicus.” Whether the bearts of all the dif- 
ferent genera, of which the claſs is compoſed, have yet been acru- 
rately examined; ang whether an exact ſimilarity of ſtructure is 
found throughout the claſs; are queſtions I do not mean, at 
_ preſent, to examine. It is ſufficient for my purpoſe 20 obſerve, 
chat the hearts of moſt of the Ampbibia are now well knows 
to be double, with an immediate communication between the 
two cavities; which ſtructure ſoems peculiarly adapted to that 
change of element, which (as 1 before obſerved) many of them 
can, for a time, ſupport ; and thereby furniſhes another argu- 
ment in favour of the name Lixx Us has given to the claſs. 
To confider the firufture of the heart, however, is mot 
 wbſolutely neceffary m forming the characters of the claſs: 
che animals of which it conſiſts being ſuſficienrly diſtinguiſhed 
From l others, by having coll red bleod, and breathing by 
mens ef lungs. Theſe two characters render the claſs per- 
feftly viſta from the ouſt; the wwo .. ones, di. 
"oo Mammalia 


"Bide col 1 e Fa 23 "TM 
Marnen ia and Birds, having watm blood; and the three infe- 
nor ones, v. Fiſhes, InfeQs, and Worms, not being furs 
niſhed with lungs. | 
In his generic charaQers, Inn wy has been more ſucceſsful 
chan in thoſe of the claſs; inſomuch that they may, 1 think, 
be conſidered as the beft hitherto given, Whoever will be 4 
the pains of comparing Linxzvs's genera of Amphibia with- 
thoſe of Gxonovivs, will find, that the generic characters of 
the former, though few in number, are precife and diftin@ ;- 
- while thoſe of the latter, though more numerous, are vague, 
indiftin&, and fometimes inaccurate. As a glaring inſtance 
of inaccutacy, I need only refer to the Chamæleon, which 
by Gnonovivs is made a diſtinct genus, of which one of his 
characters is, Pedes ungnibur deflituti; whereas, in fact, the 
feet of that animal are furniſhed with ny 2 and pretty 
large, claws. 
But thongh Linnzve' s genera of  Amphibia are, upon ” 
the whole, well formed, it muſt be allowed to be a great im- 
perfection in them, that the venomous . are not ſepa- 
rated from the others. 

From ſome expreffions of his, 3 in the Preface to the Muſeum 
Regis, and in the Introduction to the Claſs Amphibia, in the 
Syfema Nature, it ſeems, that he thought it not eaſy to diſtin- 
guith them, by any external characters; and his ideas reſpecting 
the venomous fangs themſelves were (as we ſhall ſee hereafter). 
ſo vague and confuſed, that it was hardly poſſible for him to. 
attempt to found a generic diſtinction upon them * 


* Ay a ſort of comparative excuſe for Linx xus, it may be obſerved, that 
 Gronovivs (though he made two more genera of Serpents than LIxx us) did 
not ſeparate the venomous ones; neither has he diſtinguiſhed them by a mark (as 
Linx.&vs has) or by any other means. 

Whether 
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- Whether venomous Serpents can be, with certair ty. dil iſtin- 
| guiſhed from others, and if fo, how they are to be known, is 

| what I mean to conſider in this Paper ; ; in doing, which 1 ſhall 
examine, firſt, how far they may be diſtinguiſhed by any ex- 
ternal characters; ſecondly, ſuppoſing the venomous fangs to 
be the only certain criterion, how, thoſe bang are to be diſtin- 
guiſhed from common teeth. * 


Though Serpents, by their ad organization, ,. naturally | 
: belong to the third claſs of the animal kingdom, they are, in 
their external form, more ſimple than moſt of the animals 
belonging to the three inferior clafſes ; their external characters 
muſt conſequently be very few. 1 ſhall firſt examine thoſe of 
the head; and, as all venomous Serpents (fo far as our preſent 
experience extends) are. contained in the three firſt of Lix- 


ln the firſt genus, Crotalus, the head is broader than the 
neck, depreſſed or flat at top, and covered with ſmall ſcales. 
Theſe three characters are particularly obſervable i in the three 
intermediate ſpecies horridus, Dtyinas, and Duriſſus. In the 
miliarius the ſcales of the head are rather larger than i in the 
others. The mutus I have never eo. but! it certainly ſhould ; 
not be placed among the Crotali ® 55 

As all the ſpecies of this genus a are venomous, one is natu- 
al led, by the examination of it, to conſider the fore- 
5 mentioned characters as being, 1 in ſome meaſure, proper. to 
Venomous ſerpents. In order to ſee bow far they are ſo, I ſhall, 


for the preſent, Paſs e over the next Senus, Boa, and conſider 


* Lynn&vs's reaſon for not = it among the Boz ſeetns to have. been, 
that he ſuppoſed none of them were venomous. He appears, however, to have 
had bis doubts about the contortrix, I have examined it, and am convinced it is 

venomous. =» 


that 


Ns 's genera, I ſhall, at preſent, conſider only, thoſe three. 5 


; 
b 


at 


examine whether thoſe characters are to be found in any of 

thoſe Serpents which are not venomous. In the genus Coluber 
there are very few (except venomous ones) which have tho 
head much broader than the neck; and of thoſe few, I believe, 
every one has the head covered with large ſcales. But in the 
genus Boa, though no ſpecies is venomous, except the con- 


lada, beſides ſome others not deſcribed by er furniſh Dy 
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Ant which follows it, Coluber. In that genus are many 


venomous ſpecies, and it is very certain that, in general, they 
1 the fore- mentioned characters; examples of which may 
be ſeen in the Atropos, Ceraſtes *, atrox, Berus, and others. 
It is, however, equally certain, chat there are ſome in which 
they are not to be found. As an example of this, I need only 


mention the Naja, a ſpecies well known to be very venomous; 


the head of which is neither depreſſed nor broad, is covered 
with large ſcales, and is, in every reſpect, a complete exception 


to what has been * n the Heads of Venomous 


— . there are venomous ne in which the 
fore mentioned characters, viz. a broad and depreſſed head, 
covered with ſmall ſcales, are not to be found; I ſhall next 


tortrix, almoſt every one has the head broad, depreſſed, and 
covered with ſmall ſcales. The canina, Conſtrictor, hortu- 


* The Ceraſtes i is not marked by Linn &vs.2s a venomous ſpecies. e 


bably depended upon HassELQUIsT's deſcription, which I ſuſpe& to have been 
made from a mutilated ſpecimen, Mr. ELL1s's deſcription in the Philoſophical 


Tranſections, Vol. LVI. p. 287. is only a Tranſlation of HasszLay1s7's, Bat 


he obſerves, that Dr. Tuxx UI told him it was venomous. That it is ſo, I 
have not the ſmalleſt doubt, though in the anly ſpecimen I have ſeen of it the 


fangs were wanting. ImrERATo, who has given a ———_ of it (Hiſt, Nat. p. 784. 
Ed. Nap.), ſays it is very venomous. | 


Vol. LXXIX. 


2 


examples 


— called, 5 Lviv, Amphiti Sk 75 * 


— a ' , n » * — WEE 7 "a 1 , 
jy 4 _— ” = PEE © — 2 . . 
1 * | 4 n r . * 
8 . 


26 DF. Gar s | Obrvation on the Clef „ 5 
examples of this. It muſt, however, be confeſſed. that the gene- 
ral character of the head of the Boa, though differing 1 very widely: 
from that of thoſe Colubri which ate not venomous, is not 
quite that of the Crotalus ; but the difference, though very 
obvious to a-perſon-accuſtomed to the examination of Serpents, 
is perhaps not eaſy to be fully expreſſed 1 in words. It ſeems, 
however, to conſiſt principally in a lateral compreſſion, and 
elongation; of the anterior part of the head; fo as to form a | 
kind of ſnout:- Hence the trivial name of canina is n hh 
Lixxxus to one of the ſpecies. 47” 0) 
From the characters of the head (as the end afords. none 

deſerving 3 1 ſhall a to 15. of the other 

extremity. 77 
In the Crotali E se never . the tail 1 ee 6 of my 
Rattle) to exceed one · ninth part of the whole length; ſome · 
times I have found it much ſhort In ſome of the venomous 
Colubri, the proportion is ill * In the Atropos I found it 

ouly one - thirteenth. In the Engliſh Viper (Coluber Berus) it 
is commonly about one-ſeventh or eighth. In ſome venomous 
ſpecies, however, the proportion is ſomething greater. In the 
Naja I have found it as much as one-fixth ; which proportion 
is, I believe, as great as J have ever obſerved': but that I may 
be ſure to keep within the truth, I will only ſay, that IJ have 
never met with a venomous Serpent, the tail of which was 
equal to one-fifth of the whole keogth'® b. 


Nen ne e enen h ſaid by Linx:=vs to be one-third ; but his 
own enumeration of the Scuta ſufficiently ſhews that this muſt he an error. The 
Coluber Leberis, Dipſas, and mycterizans appear, by the number of. ſcales 
under their tail, to furniſh exceptions to what I have ſaid. The two firſt I have 
never ſeen, but ſuſpect they are not venomous ; that the laſt i is not ſo I am very 
certain, having examined many ſpecimens of it. 


1 | arms | e 


Ane cath, 71 — ane | „ 
- With reſpect to thoſe Colubri which are not venomous, it 
1 be confeſſed, that there are many whoſe tails are within 
the limits aſſigned to the venomous ones. In the Coluber AÆſcu- 
lapii, doliatus, getulus, and ſome others, the tail is not, in 
general, more than one - ſeventh of the whole length. In the 
lemniſcatus J have found it not exceeding one-twelfth or 
P but I know no other Linnzan ſpecies in which it 
is ſo ſhort. In the greater number, however, the proportion of 
tail! 18 more conſiderable; in many, it is full one-third. In the 
Ahætulla, and in ſome ſpecies not deſcribed. by Laxnzve, I 
have ſeen it more than two-fifths;. but have never met with a 
| Jpecies in which it was quite ſo long as the trunk, or half | 
of the whole length. 
I have not conſidered the Boz, ne none of the Linne 
n. of that genus, have their tails either remarkably long, 
or ſhort; but, in two ſpecies, not deſcribed by Linxzvs, I 
found the tail very little exceeding the SOM I have aſſi n . 
to the Coluber lemniſcatus. # 5 
* the thickneſs of the tail, or in the n of it its termina- 
tion, I have obſerved no difference worth remarking. In every 
ſpecies of the three firſt genera, the tail is thinner than the trunk; 
and in moſt of them it is more or leſs acute. The few exceptions | 
I have obſerved were, I believe, none of them venomous; but 
they are too few to deſerve any particular conſideration. _ 
A character of great uſe in diſtinguiſhing the ſpecies of Ser- 
pents, and which was not overlooked by LIN N us, is, that 
elevated line, or carina, with which the ſcales of many ſpecies 
are furniſhed. In order to ſhew how far this 1s to be conſidered 
as ſerving to diſtinguiſh venomous Serpents from others, I 
need only obſerve, that I have examined one hundred and twelve 
ſpecies of Serpents, not venomous, belonging to the three firſt 
E 2 genera; 
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genera; _e bind chat e of bene Mute ſmoeth ſcales, and 
"= thirty-two: only have carinated ones. Of venomous Serpents 1 
| have: examined twenty-ſix ;- of which- number; twenty have 
ecuarinated ſcales, and only fix have ſmooth ones. Upon the 
whole, therefore, carinated* ſcales muſt be conſidered as _ ; 
in ſome meafure, a character of venomous Serpents. 
In what I have hitherto ſaid, I have conſidered only the 
three firſt genera of "Serpents 3 5 1 ſhall now malte ſome remarks G 
upon the three laſt TIE 
Theſe three vis. Ange, ame. and Cecilia), bee. 
ſides the characters aſſigned them by Linxnzvs, have ſome - 
ethers which are common to- all, and* which render them very 
different, in their external appearance, from any of the three 
firſt genera. "Theſe are, a- very thick and--obtuſe tail; and a 
head which is very indiſtin& ®; and *furnifhed with very ſmall 
eyes. Fhis laſt character (vis. very ſmall eyes) is ſometimes, 
though very rarely, met with among the Colubri, for inſtance, 
in the lemniſcatus; in the three laſt genera, however, it taxes 
place, I believe, without exception; The thickneſs of the tail is 
alſo common to every ſpecies; and though i in the-Anguis bipes; : 
and: in another ſpecies, not deſcribed by Li x vs, but figured 
in Browns's: Hiſtory of Jamaica (Tab. XLIV. fig. 1. ), the 
tail has an acute termination, yet · in both thoſe ſpecies, eſpe- 
cially in the laſt, it continues thick to the end, and becomes 
fuddenly ſharp, being what in botanical language would be 
called, obtuſa- cum acumine. With reſpe to the proportionate 
length of tail, however, it is very remarkable, that-the genus 


* This indiſtiactneſs of the head, which is more or leſs common to anch 


genus, is in the Amphiſbæna ſo conſiderable, as to have given riſe to the ſuppoſi- < 
tion of that Serpent's having a head at each end. 


+ This figure is, by LiNN EUs, erronequſly . bis Anguis. lum» 
keicalis.. | 


| 


Angus. 
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85 "labs bats called, ee Alke. 8988 
Anguis affords examples of much lefs proportion, and alſo of: | 
much greater, than is to be found in any of the three firſt- 

genera. In the Anguis Seytale the tail is not above one-twen« 
tieth of the whole length; in the maculata it is not above one- 
fortieth ; yet in the Anguis fragilis, and in the ventralis; the 
tail is always longer than the trunk, or, in other words, is more 
than half the whole length. Indeed, in one ſpecimen of the 
laſt mentioned ſpecies, I found the tail nearly two-thirds'of the - 
whole length. It may, however, be qveſtioned whether that : 
ſpecies 4s really an Anguis, ora Lacerta. ' 

I ſhall make no further remarks on the externabeharaſichs of 
Serpents ; ; the principal inferences to be deduced from thoſeT 'Y 
have already made, are the following. 

1ſt, That a broad head, covered with ſraall ſcales, dh - 
it be not a certain criterion of - venomous Serpents, is, with. . 
ſome few exceptioirs, a general character of them. 
A2 dly, That a tail under one-fifth of the whole length, is ald . 
a general character of venomous Serpents; but, ſince many of 
thoſe which are not venomous have- tails as ſhort, little depen- 
dance can be placed upon that circumſtance alone. On the 
ether hand, a tail exceeding that proportion, is a pretty certain 
mark that the ſpecies, to which it belongs, is not venomous. : 
3dly, That a thin and acute tail is by no means to be conſi- - 
dered as peculiar to venomous Serpents though a thick and | | 


obtuſe one is-only to be found among thoſe which are not - nn 
venomous. 


OO The Anguis ventraks of — i is ſo very like the Lapetts apoda, 

deſcribed by PALLAS, in Vol. XIX. of the Novi Comment. Petrop. as to render 

it - doubtful whether it may not be the ſame. When I firſt examined it, 1 | 
conſidered it as a Lacerta, on account of the projecting ſuture along the body, 
and the open ears; but T have fince met with a ſpecimen which had two large 

echinated Penes fo they are called) a character which is, L believe, — 

to Serpents, . 


4thly > » 


_ " - % Ay avs Dir rations. as bes —_” a 
1 ahi, That eqrinated cales are, in ſome; 3 
racteriſtic of venomous Serpents, ſince in them they are more - 
common than ſmooth ones, in the proportion of nearly 4 0-1 ; Y 
a whereas, ſmooth ſcales are, in thoſe Serpents which are not 
venomous, more common, in the proportion of nearly 3 to 1. 
Upon the whole therefore it appears, that though a pretty 
| — conjecture may, in many inſtances, be made, from the 
external characters; yet, in order to determine, with certainty, 
whether a Serpent be venomous or not, it becomes neceſſary 
to have recourſe to ſome more certain diagnoſtic. 'This can 
only be ſought for in the mouth; I ſhall therefore next con- 
ſider, how the fangs, with which the mouths of venomous 
Serpents are enen. are to de W from common 
teeth. | 
oO thoſe -who form their ideas. of the fangs of venomous 
Serpents, from thoſe of the Rattle-ſnake, or even from thoſe 
of the Engliſh Viper, it will appear ſtrange, that there ſhould 
be any difficulty in diſtinguiſhing thoſe weapons from common _ 
teeth; and indeed the diſtinction would really be very eaſy, were 
all venomous Serpents furniſhed with fangs as large as thoſe of 
the fore · mentioned ſpecies. But the fact is, that in many 
ſpecies the fangs are full as ſmall as common teeth, and con- 
ſequently cannot, by their ſize, be known from them; this 
is the caſe with the Coluber laticaudatus , lacteus, and ſeveral 
others. I cannot, however, better eee that the diſ- 
tinction, between the venomous fangs and common teeth, is not 
very obvious, than by ſhewing how very Vague and ETFANEOUS 


* 


* This ſpecies 1s by Lixx us reckoned venomous, in the Muſeum Regis, 
though the mark is not affixcd to it in the Syſtema Naturæ. To me it appears 
to be certainly venomous, and is the only water Serpent I have met with that 


LIN- 


is ſo. 


Limes —— ee nor can 1 better prove * 
the want of in formation on this ſubject, than by obſerving 
that, erroneous as the ideas of Linxzvs were, no one; _ 
I know of, has yet attempted to furniſh more correct ones. 
Lixxæus thought the fangs might be diſtinguiſhed by their 
mobility; this, at leaſt, may be faitly inferred, from his never 


epithet mobilia, except m one inftance (the Coluber auli- 
cus); and, in that very inſtance, the want of mobility in 
the ſuppoſed fangs appears evidently to raiſe doubts in his 
mind, whether they are really fangs or not. His words 
are, Dentes, frve tela, duo, rigida, parva, non mobilia. 
Theſe doubts, reſpecting the above- mentioned ſpecies, I am 
not able to remove, as I am not ſure that J have ever ſeen 
it *. But with regard to mobility, conſidered in general as a 
character of venomous fangs, I muſt aſſert, not only that I 
have never found it ſo, but alſo; that I have never been able to 
difcover in them any thing which I thought could properly be 
called mobility. I have, indeed, ſometimes found ſome of 
them looſe in their ſockets ; but then I have found others, in 
the ſame ſpecimen, quite fixed. The ſame thing was ob- 
ſerved both by Dr. NicaoLLs +, and by the Abbe Fontana 8 
in the common Viper, even during life. The looſe fangs may 
be ſuch as have not yet been firmly fixed in their ſocket, or 
they may have been looſened by ſome accident: for I ſuſpe& 
that the fangs may be at any time looſened, and even diſplaced, 
by a frnall degree of violence ; and that, perhaps, may be one 


* have ſeen one, which agreed pretty well with Lixxvs's deſcription ; i: 
that was really his ſpecies, it is not venomous. : 
+ Appendix to Dr. MEeap's Account of the Viper: 


7 Foxrana, Traits ſur le Venin de la Vipere, chap. 1ſt and 2d. 
| reaſon 


mentioning them in the Mufeum Regis, without adding the. 
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f r of ſmall Fat 

* near "the. | boſe of: the! Fall: grown ones, 2 — : 
take — A en ee * 
out. A 
| Ane PR 110 to hive ond that the fangs eighth be. 
* known by. their ſituation. In the Introduction to the claſs Am- 
phibia in the Syſtema Naturæ, he ſays they are, Dentibus 
ſimillima ſed extra maxillam ſuperiorem cullacata; and in the 
Jaeſeription of the. Erotalus Dryinas, in the- Amconitates Aca- 
demicæ, he ſays, Deuter ejur duo canini uti in teliquis vene- 
t natis Ser pentihus non in maxillis hareat, ait enim vuluerando, | 
non autem ictus fligends utitur.” 
Theſe two quotations ſhew, that Lawnzvs — the 
fituation of the fangs different from that of the common 
teeth; the laſt alſo ſhews-thathe thought their mode of action 
- influenced. by 1 it. What difference in ſituation may be found by 
accurate diſſection, it is foreign from my preſent purpoſe to 
enquire; I am, however, very certain that common examina- 
tion“ will not diſcover any difference, in · that reſpect, between 
the fangs of venomous Serpents, and the teeth of others. 
But the moſt ſingular opinion of LIN N vs, reſpecting the 
venomous fangs, was, that they were ſometimes fixed in the 
baſe of the jaw. Of this he has given two inſtances in the 
Muſeum Regis. One in the deſcription of the Col uber ſeverus, 
of which. he ſays, Haſte mobiles ſolitarie verſus baſin mavil- 

« Jarum interius adberent.” The other in that of the Coluber 
ſtolatus. His words there are, . Tela mobilia-ad baſin-maxil- 
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* By common examination I mean ſuch as may be made without diſſecting, or 

lets otherwiſe damaging, the ſpecimen to be examined ; and ſuch only LL I ſuppoſe 
5 allowable in the diſtinction I am ſeeking to-eftabliſk, = 
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— 4 ; opiniew eiſpeting the. uſe.of of the PAPA in the 
laſt mentioned ſpecies, appears to me not very clearly ex- 
preſſed . 
that Lannzus thought the fangs were ſometimes placed in 
the baſe of the jaw; an idea for which I have never been able to 
diſcover any foundation. The firſt of the two ſpecies in queſtion 
I have never ſeen; of the ſtolatus I haye examined ſeveral 
ſpecimens, and am convinced it is not venomounss. 

1 ſhall not dwell any longer on the falſe notions which have 
been entertained, reſpecting the fangs of venomous Serpents, 


But L have quoted both deſcriptions, merely to ſhew 


but ſhall proceed to ſhew how, in my opinion, they may be moſt f 


eaſily, and moſt certainly, diſtinguiſhed from common teeth. 
With reſpect to their ſze, I have already obſerved that i it is 
very various, conſequently no certain judgement can, in all 
caſes, be made from that circumſtance. In ſome ſpecies they 
are ſo large, that their ſize alone ſufficiently diſtinguiſhes them 
from common teeth ; but in others ** are ſo ſmall, that it is 
very difficult to diſcover them. * 
The ſize of the common teeth alſo v vanes very much. in dif- 
ferent ſpecies. In the Coluber mycterizans they are remarka- 
bly large, eſpecially thoſe which are ſituated near the apex of the 
upper jaw; which circumſtance probably helped to lead Lin- 
us into the erroneous opinion he entertained, that this Ser- 


* LIN NA Vs's opinion 10880 not anlike that of the Abbe FoxTANA, who 
(in the work already mentioned, chap. 12.) ſuppoſes the poiſon of the Viper may 
be of uſe, to the animal, in digeſtion. To me the venomous fangs have ever 
appeared to be merely offenſive weapons; nor can I ſee greater difficulty in ſup- 
poſing fuch a weapon, with the power of injecting poiſon, placed in the head of 
a Viper or Rattle-ſnake, than in ſuppoſing ſuch an one, with a fimilar power, 
placed in the tail of a Waſp or Hornet. | | 
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F — pent 


„ eee AG 
: © pings Pe jonas.” But in many ſpecies eee ee 
Iimmall, chat it is ende to diſcover, merely by lodhing i inte 
the mouth. chat the animal has any. Vet in that eaſe they hiay 
Þ be very ealily- detected, by drawing a pin (gr any other hard 
bp fubſtance) with a moderate degree of pteſſure, along the edge af 
the jaw, from the apex o the angle of the mouth, when they 
will be felt to grate againſt the pin, like the teeth of a ff. 
Although the fizeof the venomous fangs is very various, their 
fituation is, I believe, always the ſame ; namely, in the anterior 
and exterior part of the upper jaw, which ſituat ion I conſider as 
the only one in which venomous fangs are ever found. But as, 
in thoſe Serpents which are not venomous, common teeth 
are found in that part of the jaw, it is plain that we can- 
not, by fituation alone, diſtiuguiſſi one from the other. They 
may, however, be diſtinguiſhed with great cafe, and I be- 
Heve alſo with great certainty, by the following ſimple ope- 
ation. When it is diſcovered that there is ſomething like 
teeth in the fore-mentioned part of the upper jaw, let a pin 
be drawn, in the manner” already deſcribed, from that part of 
the jaw to the angle of the mouth (which operation may, 
for greater certainty, be tried on each fide). If no more teeth 
are felt in that line, it may I believe be certainly concluded, 
that thoſe firſt diſcovered are what I have diſtinguiſhed by the 
name of fangs, and conſequently, that the Serpent is a venomous 
one *. If, on the contrary, the teeth firſt diſcovered are found 
not to ſtand alone, but to be only a part of a complete row, it 
may as certainly be conchuded, that the * 18 not venomous. 


* If a foechats ſhould-be met with, in which no > teeth, of any kind, can be 
diſcovered in the margin of the upper jaw, the preſumption. is, that it is a 
venomous Serpent, which has loſt its fangs; but I have never met 1 fuch an 
ny except the Colnber Ceraſtes already mentioned, 1 2 

r 1 


Ws 
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pres: upper Jaw, both of 'verichions: Serpeuts 154 ug a 
beſides" the teeth already ſpoken of, there are two interior 
rows; "conſequently, | the diſtinction 1 have endeavoured” to 
— might be expreſſed in other words, by ſaying, that 
Serpents have only two rows of teeth, in the upper 
jaw, and all others have four ] think it better, however, 
to leave the interior rows out of the queſtion, as, in many 
ſpecies, the teeth of which they are compoſed are fo ſmall, as 
to make it very difficult to diſcover them. Indeed, in two 
ſpecies of Anguis, I cat hardly be ſure that I have diſcovered . 
them ; but as, in every other ſpecies, I have never failed to 
do ſo, I preſume I may, with very little riſk of error, affert, 
that all Serpents whatever are furniſhed with them ; and that 
thoſe only, which are not venomous, have the exterior rows. 
What I have ſaid ſufficiently ſhews that Lixwavs's ideas, 
eee venomous ſerpents, were ſuch as did not permit 
him to feparate them from the others; if the method I have 
propoſed ſhall be found to render the diſtinction of them ſuffi- 
ciently clear and eaſy, it naturally follows, that they ſhould be 
made generically diſtinct. Some other reforms might alſo be made 
in Lixxæus's claſs of Amphibia, the conſideration of which 
I do not mean, at preſent, to enter further into. But, be- 
fore I conclude, I think it neceflary to notice an inaccuracy 
of Linn avs, of a — kind from thoſe 1 have ; SP 
pointed out. 


» Gzonovivs, of whoſe inaccuracy I have already given one inſtance, in 
deſcribing the Crotalus Duriſſus, in his Muſeum Ichthyologicum, ſays it has no 
teeth, except the venomous fangs. KLEIN, in his Tentamen Herpetologiz, has 
gone till further, having actually made a genus of Serpents without teeth, which 
he calls Anodon. He appears not to have examined the mouth of a fingle 
ipecies but to have depended intirely upon the deſcriptions of SEB. 
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nn e e the Adem Regia, and Lin. the, EY 


Abction to the claſs Amphibia, i in the Syſtema Nature, Linnzvs 
mays, that the proportion of venomous Serpents to others, is 
1 in 10; yet in the Syſtema Naturæ, in which the ſum total 


© ſpecies. is one hundred and thirty- one, he has marked twenty 


three as venomous, which is ſomewhat more than 1in'6. How 
he came to be ſo much at variance with himſelf, I know. not; 
but the laſt mentioned proportion ſeems to me to be not far 
from the truth ; as I find that I have examined one hundred 


and fifty-four ſpecies of Serpents, of which number ren 


een to be venemous. 
I have already mentioned, that the Coluber ftolatus Re” he 


mycterizans, though marked by Lixxx us as venomous Ser- 
pents, certainly are not ſo; and that I ſuſpe& the ſame may 


be faid of the Leberis, and Dipfas. I have alſo obſerved, that 
the Boa contortrix, Coluber Ceraſtes, and laticaudatus, none of 


which are marked in the Syſtema Naturæ, are all of them 


venomous; to theſe laſt may be added the Coluber fulvus. 
If Linnzvs's ſpecies were all accurately examined, I have 
no doubt but more errors, of both kinds, would be found ; for 


| it muſt be obſerved, that though I have examined a greater 


number of ſpecies than Linnzvs, not above half that number 
are of thoſe deſcribed. by him; conſequently there remains more 


than one-third of his ſpecies which I have never ſeen. The 


number I have examined, however, ſeems to me ſufficiently great 


to warrant the inferences'I have drawn from that examination. 


That ſome exceptions to them might be found, by the exami- 
nation of a greater number, is very poſſible; but, if theſe ob- 
ſervations ſhall tend to rectify the falſe notions which have 
been entertained reſpecting venomous Serpents, and to render 
the diſtinction between them and others more clear, I truſt 
they will be thought not totally ufeleſs. 
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of the year univerſally felt; perhaps the quantity fallen here, 
compared with that of the ſeven preceding years, may not be 
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W. —— on the „ Dryneſe of the Year 1788. 1 a Be 
e the Rev. Mr. B. * to * n _ 
Bari. P. R. CY bas en 


Read January IS, 1789. 2 85 88 429 


F1IK - 85 7 | ä Eimdolton, January 8, 1789. 
S the defect of rain has been very conſiderable i in 1788 ; 


and in conſequence A great want of water on the cloſe 


. to yourſelf and the OW Society. 


4 
dies. 


Rain 1781 21,6} 
1782 32-3 55 
1783 23,6 
1784 28,0 . 
1785 21,05 
1786 24.7 
1787 1 3 OY 


=2 5 inches, the mean of feven years. 


1788 oY 


By eſtimation it therefore appears, that the average quan- 
tity of rain of the ſeven preceding years is 25 inches, and the 
rain which fell laſt year is only 14, 5, that is, not muck more 
than half that quantity, if we deduct 1, 3 now lying in ſnow, 
which fell in December, and not in ſolution. On the ſuppo- 
ſition 


t . fition which, I believe, is not fir n truth, that the whole 
| + - ifland has had the ſame defect; a greater failure of the pro- 
© duce of the earth might have been expected than what the 
country Ras experienced; for, except in hay, and a little. 

i | failure in turneps, the crops have in general been as plentiful 
2 in moſt of the former years, and in fruits of the orchard 
_ much more ſo. 
It has always been ſaid of England, that drought never 
co ccaſions want; this year veriſies the aſſertion. But to account 
for crops that, taken on the whole, are rather abundant, we 
may * the nn. — ſtate of rain for 1 * 
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Haring premiſed, Sir, that there were no extremes of cold 
and heat throughout the year; the thermometer i in a north- 
ern expoſure never falling below the freezing point during the 
day- time, except on the 14th and 15th of January, the 6th, 


the i Dryers Fear 7 
„ 8th, roth, 11th, 12th, 1 3th, and i7th of March, and 


on none of thoſe days at noon, ſo that there never were 
twenty four hours together ſucceſſi ve froſt; therefore vegeta- 
tion was never entirely at a ſtand. In ſummer it did dot * 4 


to 90 degrees, except on A 


mA * TW, eg. 
"+ ws 
e „ 
28 VU 5 TT 

June 18 33 with thunder and rain: then cool for a 
e 
8 as „„ 
Auguſt 4 7 91 1: the felt of the time execeingly tem- 


perate. 
Now, the rain that fell on m was cowards the end of 


the month ; which, together with that which fell in March, 
brought up the ſpring corn, gave an early firſt crop of hay to 
the large towns, and covered the meadows and paſtures 1 in the 
country; that they were not fo entirely dried up through the , 
defect of April, as to prevent the rain, which fell plentifully 
on the 29th of May, ſucceeded by more in June, giving a 
ſecond crop to. the former fituations, and a firſt, though late 
one, to the latter: and as fructification chieffy depends on 
rain falling at the latter end of the ſeaſon of flowering, this 
rain ſet the bloſſoms of wheat, and of the uſeful fruit- trees; 
as the great rains in Auguſt ſwelled the kernel, filled, as they 
term it, the buſhel, and gave an opportunity for a ſecond crop 
* eye that proved more vigorous than the firſt, 
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v. On the Method if Sk, hn the Al Probabiliic f 


| Lives are involved in the Survivorſhip. By Mr. William | 


mining the values of reverfions depending on ſurvivorſhips 5 
| between two perſons from the real probabilities of life, 1 ob- 
ſerved, that the inveſtigation of thoſe caſes in which three 
a lives were involved i in the ſurvivorſhip (though attended with 
much more difficulty) might, however, be effected in a fimilar 


vinced me that, as it is never ſafe, ſo likewiſe it can never be ne- 


and that the ſolution even of thoſe problems which include thr ree 


different orders of ſurvivorſhip between three lives; ; but as the 
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blems, the demonſtration of it, perhaps, may not be thought 
an improper addition to my former Paper. 
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Life, the Value of a contingent Rever ſion. in which Three 


Morgan ; communicated by the Rev. Richard Price , La D. 
F. R. S. 


| Read Janvary 29, 178g. "460 en , | 


N a | nr which I had lately the honour of communiteting 
to the Royal Society, reſpecting the method of deter- 


manner. The further purſuit of this ſubject has now con- 
ceſſary to have recourſe to the erpectations of life i in any caſe; ; 
lives is far from being ſo formidable as at firſt fi ight ; it appears to 
be. I am ſenſible of the impropriety of entering minutely in 


this place into the vaſt variety of propoſitions which refer tothe 


following problem ſeems to be of conſiderable importance on 
account of its being applied to the ſolution of many other pro- 
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PROBLEM, 
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— hs ages of A, B. and C, to by 8 cee 
mine, from any table of obſervations, the value of the ſum 


8 payable on the contingency of C's ſerviring B, — the 
life of A ſhall be then extinct. | 
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! 4 repreſent the number of perſons living in the table at the 
age of A. Let , a”, a”, , &c. repreſent the decrements of 


| Iifeat the end of the 1ſt, 2d, "ol 4th, &c. years from the age of 


A. Let 5 repreſent the number of perſons living at the age 


of B, and m, 7, o, p, &c. the number of perſons living at the 


end of the 1ſt, 2d, 3d, 4th, &c. years from the age or B. In 


| like manner let c repreſent the number of perſons living at the 
age of C, and d, e, f, g. &c. the number of perſons living : at the 
end of the. 1ſt, ad, 3d, 4th, &c. years from the age of C. 

Let r alfo denote the value of : © 1 increaſed by its intereſt for a 


| "year. In order to receive the ſum 8 in the firſt years it is 


neceflary either that all the three lives ſhall have died in that 
year, A having died firſt, B next, and C laſt; or that only the 
two lives A and B ſhall have died (A having died firſt), and 
that C ſhall have lived to the end of that year. The proba- 
Wa oor. the three lives ſhall die in the firſt year is 


abc 


The N that they ſhall die i in the order 


above ne. is — — * The probability that both 
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A and B ſhall die in the firſt year 1 Half this frac- 
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' tion, or © 2 25 — =, is the prodabilit that BE death of A Wal 


| happen before the death of B in this year. The probability 
that C-thall airvive A and B. reſtrained to the contingency of 


X's Kiving dien fra, is 4 e 2. The valte therefore of the 
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ment of the given ſum will depend on either of four events 

happening. Firſt, on the contingency of all the three lives 
ö dying in that year, A having .died firſt, B next, and C laſt. 
adlx, On the contingency of B's dying in that year, C's living 
to the end of it, and A's dying in the firſt year. zdly, On 
the contingency of B's dying after A in the ſecond year (both 
of them having ſurvived the firſt year) and of C's living to the 
end of that year. Athly, On the contingency of A's dying i in 
the firſt year, and of B and C's both dying in the ſecond year. 
B having died fiſt. The probability ol of the firſt contingency 


& expreſſed by che fraftion L. . The probability of 


—— — In the ſecond year the pay- 


ade ſecond by the fradtion * lM 2 T4 The probability of the | 


third by the fraftion © — — = And the probability of the 
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ral fractions, therefore, multiplied i into I will be the value of 


the given ſum for the ſecond year, and may be eafily found = 
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manner Fs payment of the given 4 in the wo with 
depend on the contingency of the fame number of events 


as in the ſecond year; that is, it will, firſt, depend on the 


contingency of all the three lives dying in that year, A having 
died firſt, B next, and C laſt; 2dly, on the contingeney of 


B's dying in that particular year, C's hving to the end of it, 


and A's dying i in the firſt or ſecond years; 3dly, on the con- 
tingency of B's dying after A in the third year (both of them 
having ſurvived the two preceding years), and of C's living 
to the end of that year; and, qthly, on the contingency of 
A's dying i in the firſt or ſecond year, and of B and C's both 
dying in the third year, C having died laſt. Theſe ſeve- 


ral contingencies are expreſſed by the ref ſpective fractions 
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If either B or E be the oldeſt of the three os theſe. 


ſeries continued to the extremity of that life will expreſs 
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Ia order to ſum up the firſt ud ſecond of theſe ſeries let & 


repreſent the number of perſons living at the age of F, a 
perſon one year younger than B, and « the number of perſons 


living at the age of K, a perſon one year younger than C. 
Let FK, BC, AFK, and ABC, repreſent the value of an 


5 annuity on the two and three joint lives of F and K, of B and 
C, of A, We" and 2 and of A, B and C reſpectively; then 
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4 5 x BC<ABC. Again, let P repreſent a life one 
year older FS B, and let BK, PC, ABK, and APC, repre- 
tent the values of annuities on the two and three Joint lives of 
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a — n= * of the two and three joint lives of P and 
T, and of A, P, and T. If theſe ſeveral expreſſions be added toge- 
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ahh either B or C are s the oldeſt of the three — 3 
In order to determine the value of the reverſion when the life 
of Ais the oldeſt of the three lives, let s, f, u, uo, &c;be the num- 
ber of perſons living at the end of the iſt, ad, 3d, ath, &c. years 
from the age of A, and let “, &, , .,, &c. be the deere- 
ments of life at the end of r, 2.3, 4. &c. years from the age of 
B; then, by reaſoning as above, the value of the fur S for the 
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firſt * will be n by the ſeries 7 2 2 5 — * 
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by the ſeries — 


8.3% 4 t. —7 
— 25 1 and ſo on for the _— years of A's life. 
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abc bes ad _ ds 
Theſe ſeveral ſeries may be found = 155 So Bs i Dt * 
2 : 5 ab d 
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Let a repreſent. 


the number of perſons Eg at * age of H, a perſon 
one year younger than A; let N denote a perſon one year 
older than A, and let the ſeveral combinations BN, BNC, 
AB, &c. denote, as in the former caſe, the values of annuities 
on the joint lives of B and N, of B, N and C, of A and B, 
&c.; then by proceeding in the ſame manner as in the fore- 
4 Ba ¹⁹¹.m 
+ nt at &c. may 


going demonſtration the ſeries = 


— . Wes 3˙ 41 
n 3 the ſeries baber T Gabor? 
* * 

+7 b 8 * A ARK. NC = NEC; the Jefies 
54 3 37 — TE — — 
* .. NY. 4 e * HC- HB « F< "ABT; 
e *. bv 5 AC ABC | 
and the ſeries - 25 + e + be + 4 &c. =— 7 ? 


NT NTB. Theſe four ſeries, therefore, ſuppoſing them all . 


* 3 1 
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* 
to be poſitive quantities. are =— 5 X 


- ne » K. N- 7 x NC-NEC— 32 


EE ny 
_ i NE —. With . to the two remaining 
4 2 ua * wif L £9 432 44 
ſeries < = a "oh e. 9 8 and 27 1 bd Ke. 


1 it is evident, are to be continued after the deceaſe of A 

till the extinction of the joint lives of B and C, and have 

been already proved in the ſolution of the ſecond problem 
ain my former Paper, to denote the value of the given ſum 


Payable if C ſhauld ſurvive B. Let this value be repre 
ſented | 


* * N 


» 2 a * "ow AS 
* 3 my * * ES >. id 


| fn * by R Bo the ſurn of the . expreſſions (or 
a> oo _ My 
IEEE, AK — ABK FI Ho HSC, &c.) by M, then 


* 
30 Eh 3 
will the — of the ſum 8 (when Ai is the oldeſt of the thee 
lives) be=S x R M. Q. E. D. # 


If the three hves be equal, the value of the given ſum for 


5 4 
the firſt year will be = 8 4 * N 


the value of the ſame ſum for the ſecond year will be 


= * — we 8 Z N N S x | 


* 
- 


4 Fon 24 5 "> +1 * 2 
135 65. „ 2 = + 555 TE the 2 for the third year will be = 


. 3 3 "0 | 
E [2208 2X - 2 >» and ſo on for the other years to 


the extremity of life. Let cc and CCC denote the values of 
the two equal and three 5 joint lives, the ſum of theſe 


feries a may then be found = == x — —+ 30CC 2 70 2 — 


| — = Gerrecvg 1 the perpetuity, or —, * be denoted by U 


& 7 Dl 1 
6 


xV 3: r 


It mt be here remembered, that Gai cike principles it is 
well known, that the number of years purchaſe expreſſing the 

value of an ęſlate or perpetual annuity to be entered upon at the 
failure of two out of any three equal lives is, © the difference 
e between three times the values of two equal joint lives, and 
te twice the values of three equal joint lives ſubtracted from 


the perpetuity,” or V- 3CC— 2CCC. The value, there- 
fore, of ſuch a reverſion, ſuppoſing it to depend on the failure 


of the three equal hves 1 in any one particular order, is (ſince 
2 there 


«a $$ * X 
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49 
Here are fix ſuch orders equally probable) :*xV—3 —E — N. 
But it appears, from the correction explained i in Dr. Pace” 5 
Treatiſe on Reverſionaty Payments, Vol. I. p. 34. that the 
value of a reverſionary ſum is is always leſs than the value 
of an equivalent reverſionary gfate in the propottion of 
to r. The ſum being 8 the equivalent eſtate or perpetual 


annuity is always S* i; and conſequently the value of 
the ſum S depending on the ceafing of three equal lives in any 
one particular order and thus determined, is the fame with 
that determined by the foregoing inveſtigation, that is, 


1 


8 * KV. 3 1 The inveſtigation, therefore, is 


aha, and the correction and inveſtigation demonſtrate one 
another. 4 1 97 hs 
But the foregoing expreſſion for dnentiaing the vids of 
the reverſion in this particular cafe is not only obtained imme 
diately from the ſeries, but alſo. from the two different rules 
| which have been given for determining the value when the 
| lives are unequal; and hence a proof ariſes of the truth of 
| theſe rules, as well as of the reaſoning upon. which they are 
founded. Thus the firſt rule, ſuppoſing the lives all equal, 
®* KK—CKK ½ TT—CTT ,_ ccc 


"A WR — — X 
xx 4 * en r £5” 


ee CT—CCT „ a WTeY 
—x - ä r "6 cate and the ſecond rule becomes 


er uy” 
S KK— CKK = TT-CTT i CC-CCC-- 
„e 
27 Ak 3 cc. 7 3 r 'S 
CK — CT —CCT 
=D x — —— Let the value according to 
C/ | 


the firſt rule be denoted 4 L, and the ſecond rule will bern 


1 n 1 CC -CCC \ 
— 1 - (= I). Hence * 
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Were we poſſeſſed of complete tables of the 1 of r 
ties an two and three joint lives, the preceding rules would give 
an eaſy. and exact ſolution of this problem iu all cafes. But 
as ſuch tables, computed for every age, would be a work of 
immenſe difficulty, eſpecially i in regard to the values of three 
Joint lives, Mr. Srytrsox's rule for approximating to theſe 
from the given values of the two joint lives, has hitherto been 
adopted, and ĩt ſeems upon the whole to anſwer the purpoſe 
very well. In the preſent problem i it is attended with no other 
inconvenience than inereaſing the labour of the computations; 
for the values of the reverſions derived from it appear in gene- 
ral to be perfectly correct. This is more fully aſcertained by 
a table which Dr. Price has given in his Treatiſe on Rever- 
ſionary Payments (Vol. II. Table 35. ), of the values of three 
equal joint lives computed at 4 per cent. from the probabilities 
of life at Non rnAur rox. By the aſſiſtance of this table, 
when the lives are of the ſame age, it is evident, from what 

has been already obſerved, that the exact value of the reverſion. 
may be eaſily obtained. The few following ſpecimens com- 
puted from it, and compared with the values of the reverſions 

deduced from the firſt and fecond of the preceding rules, de- 
monſtrate the accuracy of thoſe rules: for, notwithſtandin g 

the approximated values of the three joints lives have been uſed 
in every inſtance in which the rules have been employed, yet 
the reſults approach fo near the truth, even in the laſt ſtages. 
of life, when the decrements are moſt irregular, that, though 
derived from theſe approximations, there can be little doubt of 
their correctneſs in almoſt every other period of life. 


* = Commen 
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Common age- n 700. 3 an e 10. computed 
* computed from Dr. Pais e. the ERA 


Tables of the values of two foregoing rules, and from going rules, and from Mr. | 
nn “.. Mr. Simpsow's approxi- Stur sox's approximation to 


a. anne 
df | ao 
"75 + "gy" © 129045 e, 
© = " 13000” _- © 
85 14.450 14.60 = 14.340 
Mr. Dopsox , and Mr. Simrson 5, are the only writers 
who have ſolved, or rather who have approximated to the 
ſolution of this problem. But the former, by deducing his 


rules immediately from a g bypothaſi, havin 8 rendered 


„ 


* That is, „een part, of the whole n 
+ The ſeveral reverſions in this column, when campated from SIMPSON'S 
approximation to the values of the three joint lives, are 12.012, 12 933. 13. 847. 
and 14.803 reſpectively; ; which upon the whole differing nearly as much from 
the real values as thoſe in the two other columns afford a convincing proof, 
that the very ſmall deviation from the truth in theſe latter values proceeds not 
from any inaccuracy in the rules themſelves, bat ſolely from having uſed the 
approximated inſtead of the real values of the three joint lives. And this alſo | 
will account for the difference i in the values by the firſt and ſecond rules. Were 
_ thoſe values computed from tables which give the correct values of two and three 
joint lives at all ages, they would come out exactly the ſame. In the two firſt : 
examples, where the values by one rule are true, it appears, that the values by 
the other rule are equally ſo. In the two laſt examples, where the values are not 
quite ſo accurate, it may be obſerved, that they differ as much in exceſs by one 
rule as they do in defect by the other; which muſt in general be the caſe from 
the very nature of thoſe rules ; for if L (or the the value by the firſt rule) be 


greater than the truth, the diffcrence between r= 2 — SO and 2L (or the 
value by the ſecond rule) muſt beliefs than the truth ; = on the contrary, if 
L be leſs, this difference will be greater than the truth. 

1 See Dopsox's Mathematical Repoſitory, Vol, III. Queſtions 42, 43, &c. 


8 See Stursox's Select Exerciſes, Prob. 38. = 
H 2 5 maoſt 
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whoſe rule is not only the ſole guide for determining the value 
of this reverſion, but alſo the ſource from which a great va- 
riety, of other problems are ſolved, perhaps it may not be 


upon; and the following examples have therefore been com- 


C. B. A. oldeſt of the three lives. 


LE. LT, A a 
JJ ͤ . 
78 78 = . Ae 


WE Morgan on . 
moſt of them eh thoſe in which three lives are con- 


cerned) of no uſe; it will be unneceflary to take notice of 
what he has done on the ſubject. With regard to the latter, 


improper. to examine how far his ſolution is to be depended 


puted : for this mo . * 


Value, by Stursox's rule, of True value of the ſame 

£+ 100. payable on. the contingent reverſion computed from 

_ reverſion ſpecified in this pro- the firſt rule in the fore- 

blem, when either C or B are el- going 3 
ddeeſt, according to the Northamp- 

A. ton Table and 1 4 per cent. 


„ - gab -  - ring. 


an |" V 
„ e 1.690 
. 5 4 E 6. 117 . 
a uh - þ - . 6. | 3.879 | 
20 SE SW 1.992 
. 1 4.133 
5 1 88 We - 1.636 T 


TABLE 1 


7 Value of the ſame reverſion by True value of the ſame 
Ages.  StmrPsoN's rule, when A is the reverſion by the ſecond rule 
in the foregoing ſolution, 


A E 74-2. 36696. = = 1-792 


TABLE 


s ; < o 4 Y * * * 2 \ a i * — < [4 . . * A a. x —_— 0 * x P ph. 4 g 0 
d L e 8 3 l 2 89 * - = 
| | "—_ f | TO ; Ys 0 
: + . ' , 4 # | | 
= : mY * F ** 
| | . f ; 
#; 1 ts * & 9 8 2 * 8 4 4. = = * » ol : 
9 ? ; . ef 
= 1 - 
* 
« . 1 * 14 1 * ns" 


. ; 
x 9 ? | s | , 4 % 
TABLE 11. 
Eo Value of the ſame reverſion by Stur- True value of the 
Common Age. son's rule, when the ages of the ſame reverſion. 
5 three lives are equal. 
70 1 „ 13. 20 6 12.00 
75 , CC 
80 8 2 16.58 : me - 13.84 
3 


By comparing the values i in the preceding tables, Mr. Smar- 
SON'S rule appears in almoſt every inſtance to be exceedingly 
incorrect. Even when the lives are equal (in which caſe it 
might have been expected to be ſufficiently accurate) it ſeems 


to deviate, in old age at leaſt, ſo widely from the truth as to 


be unfit for uſe. When C or P are eldeſt (which, however, 

is a caſe that does not often occur), the reſults ſometimes 8 
exceed the truth one - Ba If, and generally by more than one- 
third of the real value. When A is the oldeſt of the three 
les (which 1 is the moſt common caſe) theſe reſults are erro- 
. neous in nearly an equal degree. Nay, in ſome caſes, Mr. 
_ StesoN's rule is not only wrong but abſurd. Thus, in the 
laſt example i in the ſecond table, the value of 4 100. payable 
on the contingency of C aged 18 ſurviving B aged 78 
after- A aged 78, is by this rule = L. 37.554. The value, 
therefore, of the fame ſum on the contingency of C's ſurviv- 
ing A after B is alfo C. 37.554- Hence the value of C. 100. 
on the contingency of C's ſurviving A and B (without the 
reſtriction of one dying before the other) is 2X 37.554 - 

L. 75.108*, By another rule of Mr, SimesoN +, the value 


* See SIMPSOX's Select Exerciſes, prob. 39 f Ibid, Prob. 32. 


of 


9 . 100, on the contingency of C's ſurviving B only, is no 
more than L. 74. Now it is ſelf-evident, that this latter 


problems are founded, leads to concluſions equally erroneous, 
But theſe enquiries would be improper here; and I ſhall 
only obſerve, that had the foregoing examples been computed 


85 correct than it does from thoſe computations. 


theſis, for want of thoſe excellent tables of the real probabi- 
lities of life, and alſo 'of the values of ſingle and joint lives 
which have been ſince publiſhed: Had he been. poſſeſſed of 


preſent there can be no juſt reaſon for ever recurring to this 
wretched hypotheſis. - The ſolutions of all caſes of two and 
even of three lives may be effected without much difficulty 


mathematicians to the further proſecution of it. 
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value, inſtead. of being ef, ought to have been greater than 
the former, inaſmuch as the probability of C's ſurviving only 


one life muſt be greater than that of his ſurviving two lives. 
Many additional inſtances might be produced in which this 
rule, being made the baſis upon which the ſolutions of other 


from the SwEDEN or Loxpox, inſtead of the Nox THAur- 
ron Table, this rule would have appeared to be ſtill more in- 


When Mr. Strso wrote his Select "Exerciſes, he was in 1 
great meaſure obliged to have recourſe to Dx Morvsz's hypo- 


theſe, it is moſt likely that his ſuperior abilities would have | 
directed him to a more accurate method of inveſtigation. At 


from principles ſtrictly true. But I muſt here take my leave 
of this ſubject, hoping that its importance may engage other 


The true le are C. 66.038. and 4 74. 884. 3 
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VI. Rejule ame; if the A er various 
Places of the Eclipſe of the Sun, which happened on June 3, 
7 By the Rev. Joſeph Piazzi, C. R. Profeſſor of Aftranomy 
in the Univerſity of Palermo; communicated * Nevil Maſke- 
Hine, D. — F. R. S. and Alronamer Nayal. 2 
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| Read January 15, 1789. 


TO DR. MASKELYNE. 


$18, 


| T HE ſatisfaction I bad in oblirvig R > of the fits 
on the third of June laſt, with you and M. D'Ak un, 
at Greenwich, induces me to give you an account of the uſe 
made of the obſervations, and the conſequences I have drawn 
from them. The obſervations which I have collected con- 
cerning the ſame eclipſe, and which were made in other 
places, contribute to the extenſiveneſs of my calculations, and 
to determine the poſition of certain places, which had not 
been before accurately determined, as that of Dublin, that of 
| Mitau in Courland, and Perinaldo in Italy. The longitudes 
of all the other places muſt be referred to that of the Royal 
Obſervatory at Greenwich, as being the firſt in Europe, and 
becauſe the obſervations which you have made in it, are by 
far more accurate than any others made elſewhere. 
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| The reſult of the obſervation at Greenwich i is confirmed in the 
4 ſatisfactory manner by theobſervations of Oxford and Loam- 
ä Which Dr. Honusgvy and Mr. AusrzT have done me 
the honour to communicate to me. Theſe three obſervations 
perfectly agree in the latitude of the moon; whence it follows, 
that the duration of the eclipſe was juſtly obſerved. And 
whereas the difference of longitude for Oxford, as determined 
by theſe obſervations, is only one ſecond, and that of Loam- 
pit- Hill only two ſeconds, different from that which had been 
determined by means of the beſt time-keepers and other moſt 
exact obſervations, it follows, that theſe three obſervations 
may be conſidered as a ſingle one, having a treble degree of 
accuracy. In effect, if the moment of conjunction found for 
Oxford and Loampit-Hill be reduced to the meridian of . 
wich, by adding to the latter 5% 4, and to the former 5 O, 

and a mean be taken, it will appear, that this mean differs 
only by 0,6 of a ſecond from the conjunction deduced from 
the obſervation. made at Greenwich only. This alſo clearly 
proves, that the eclipſes of the ſun, when accurately obſerved, 
give nearly the ſame exactneſs as the occultations of the ſtars, 
which from their nature are conſidered as the moſt exact. 
The obſervation made at Dublin deſerves our greateſt attention, ; 
particularly ſince the eſtabliſhment of a very excellent obſerva- 
tory there. Dr. UssgER confeſſes, that the longitude of that 
| city has not been exactly determined (ſee the Tranſactions of the 
Royal Iriſh Academy for the . 1787, p. 86.). He ſuppoſes 
the longitude of Dublin to be 24” 58” W. which he determined 
by means of a time-keeper, which Mr. Ax N ol D happened to take 
with him to that city ; whereas 1 find it to be 25” 13% 4. This 
my determination I believe not to leave the uncertainty of two 
ſeconds ; 
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Ds "hates Sr = 989 
ſeconds, becanſe ther latiande: of the moon. deduced mn he 
obſervation. 15 the ſame with:that of — en yd e 
Tha obſerwaton of Mitau is likewiſe very intereſſing a it 
ſhews the tuation of a diſtant country, where no obſeryation 
had been made before M. BxrTLxR eſtabliſhed an obſervatory 
there. Tha abſeruation of this able aſtronomer is of ſuch 
correctneſs, that it furniſhes the ſame latitude of the moan as 
he preceding ones 3 conſequently the difference of — 
dians, which; L thence deduce, may be conſidered to be as exa&t 
as that of Dublin. The difference is 1h 34 5% E, which 
becomes of the greater importance to geography, becauſe from 
Pomerania to W no one ur * been reed 
— 
The poſition of Berlin bas 0 ads Abad n ö 
of ———— but the reſults do not agree. The difference 
of 5 327, which I have deduced, not only agrees enattiy 
with that mentioned in Vol. IV. of M. Dr 14 Lanpe's Aſtro- 
nomy, and which this famous aſtronen had deduced. froem the 
oecultation of Antares obſerved: dy binaſel- in the year 17495 
but it alſo. comes fo near to the longitude mentioned by Meſſ. 
LXEII. and BERNOULLI, in the — of . 4s not 
to differ by more than two ſ nds. 
Fhe abſervation of Vienna gion fat the Arete of the 


Kh s 


1“ from that found: in the Almanack of Milan, aud in the 
Reguiſite Tables, yet the obſervations of the two! nen not 
been very accurately made. 

Perinaldo in Italy is a e tion has not . as 
yet well determined. The tables N for the Nautical 
Ephemeris lay down this phe = ** 40“ ta the Eaſt of Green- 
wich; ſome place it at 300 20“. The obſervation made by 
Vol.. LXXIX. | I M. 
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' meridians 1 h. 5 31”. Though this determination differs 2 7 5 


5 Ml. MAL, — ce Puis cademician, 
dave by me, gives 30 53“ E. — che mer 
he and this may be conſidered as the beſt hithertoknown. 
The obſervations made at Milan, by the aſtronom 
ee and RIGG, were interrupted by intervening clonds. 
In fact, the m of the moon in conjunction comes out only 
en to 14 32%, which fhews that the duration of the eclipſe 
was not properly : obſerved. I have thence alfo calculated the 
donjunction ſeparately for the beginning and for the end of the 
eclipſe, and J have found out the following differences of meri- 


3 dians, 'vis. for the beginning 36“ 39%, 6, and for the end 
i 36 38% and fer the end and beginning conjointly 36“ 37“. 
f This laſt difference comes neareſt to that mentioned in the Milan 
| Ephemeris for the year 1789, which is 360 41“/ The obſer- 
il vation made at Bologna afſigns'45” 28” E. for the difference of 
bi the meridians. But the daration- of the eclipſe was not pro- 
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_petly obſerved. - However, notwithſtanding this W 
it may happen that the reſult determined is exact. 
The two obſervations of France, vi. that of Viviers, al 
l chat of Rouen, give almoſt the ſame differenee which I find in 
| the Requiſite Tables; that of Rouen differing only 107, and 
that of Viviers 2. As the difference of the meridians between 
Paris and Rouen is known with the greateſt preciſion to be 
4 1 to the W. of Paris; if to this difference are added 
4 223, which is the difference I found between Rouen and 

Greenwich, there will reſult, for the difference of the meri- 
dians between the Obſervatory of Greenwich and Paris, 
x 19/',3. This difference only differs + & 00 7 from that eſta- 
-bliſhed by Dr. BuADbLET, which is 9“ 20”, as adopted by 
* and n confirmed by 25 general Rr. 
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The 


reſults agreed together within a few tenths of a ſecond. By 
theſe two different methods I have alſo calculated the obſerva- 


than the fun by 260%, as deduced from the ſame Almanack. 1 
| ſuppoſe alſo the horary motion of the moon in the echptic, by 


; Pi wa weve baſis of all — tions, 1 have calcu⸗- 
lated them two different ways, viz. by the method of piral- 5 


lactic angles, and by the method of the nonageſimal, and the 


tions of Vienna; Berlin, and Viviers, f in order to ſhew, that 
the different latitudes of the moon, given by the various obſer- 


vations, were not owing to any error in my calculations. For 


theſe places, i in which both the beginning and the end of the 
eclipſe had been obſerved, I have deduced the time of con- 


junction from the two phaſes conjointly, which have alſo given 
the duration of the eclipſe, Which cannot be obtained from a 
 fingle obſervation, 


The error of the tables which reſults from the data. at 
Greenwich is +26/” in longitude, and + 11“, 5 in latitude; at 


20 h. 58 47, 3 of apparent time, taking for the longitude of 


the fun 25. 14 16' 54 '37» as I deduce from the Nautical 


Almanack, and that of the moon at the ſame time to be greater 


taking it an half hour before and after the conjunction, ta be 
36' 52” +06 for the hour following the conjunction, and 

0%, for the hour preceding the conjunction; the moon's 
horary motion in latitude is 3 24/',3 ; the horizontal parallax of 


the moon minus that of the ſun at Greenwich, to be .60/ 14,4. 
for the commencement of the enen, and 607 16% 4 for the 


end; the fun's diameter 31“ 34,6, leſs by 3” than that given 
in the Almanack, according to the correction which you have 


found neceffary to be made ; the moon's diameter I have ſtated 


as in the Almanack. In the opinion of M. vg La Lane, 
I 2 fame 


If y | — che tnoon, as well as to the dia 


— ͤ — the d- 
don the dne hand this would not make any- — Pa {the 
difference of the meridians whach I have found; and on the 
other I thought proper to make uſe of thoſe elements the 
Nauticab Almanack furniſhed me with, that being a work the 
7 moſt perfekt of the kind that ever appeared, and to which all 
aſtronomers and navigators ought to pay the greateſt attention; 

Ia fine, I compared the moon's longitude in . 
deduced from the eclipſe with the new tables of the 
corrected by Mr. Mason, and found the longitude by th. 
tables to be 2s. 14 17” 6% 4, and the latitude to be 15/ 1,3. 

The error then of the new Tables is + 11% 7 in longitude, and 
713% 1 in latitude; but M. pz LA LAxpE having lately ſent 
to me from Paris the place of the ſun, calculated with the 
new Solar Tables (a moſt uſeful improvement which M. DE 
1 LAlinnn has, with much i ingenuity, deduced from your obſer· 

vations) T find the error in longitude to be + 27% 4, the fun's 

E rings 2 8. 14 16“ 39% 0 at a0 h. 58“ 4% 3. 

: following table contains the obſervations of the edliple, 
al the refults deduced from thence. | The firſt vertical column 
ſhews the name and place of the obſervers; the two next ver- 
tical columns contain all thoſe obſervations which have been 
made, in apparent time; the other columns ſhew the reſults, 
vix. the fourth column, contains the true conjunction in appa - 
rent time; the fifth column contains the longitude of the 
moon in conjunction, which being always the fame, needs 
not to be repeated under every perpendicular column; the fixth 
column contains the latitude of the moon, which, as it depends 
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ſons made at various 5 xls ofthe fan, eh - 
2 3, 27% 2 refles deduned from the fame, 4445 


Ig AUBERT. 


19 24 47,9% 1 20, 30 58 44.1 


Oxford, Dr. 
Honxszr. — 20 36,1] 


: Dublin, Dr. 


— M. | 
Bep E. 


20 23 9,0122 14 32,0 21 ©: 


Vienna, 1 
M. Tx1zs- | . 
NEKER, 25 49,0122 32 40,0122 


—— 
M. Fr Au- 


_GERGUAS» 


19 26 38,0 21 25 41,0 21 
3 "x 
19 37 50.0 21 


Perinaldo, M. 
—_—_ MARATDI. 


J 30 53,0E 


24 


* 4 22, 3E 
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Bologna, M. | WW 5 
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IN the month of. February laſt, I was favoured by Coubt 
Dx Bavar, with the obſervation- of the eclipſe of the 4th of 
June laſt, made at Warſaw by M. Brsrazrsxi; about the 
ſame time 1 alſo received of M. DE LA LANDE ſome other obſer⸗- 
vations of the ſame eclipſe, viz. thoſe made at Prague, Mar- 
ſeilles, Creſmunſter, and Bagdad in Meſopotamia, which 1 
immediately calculated, in order to add them to the others, 
which Dr. MAasKELYNE lately did me the honour of preſent- 
ing to the Royal Society. 1 by 
„ obſervation of Marſeilles confirms in the belt manner c 
the difference of meridians ſet down in the Regu; re 7. ables, 
differing from that only by a ſecond. The obſervation of 
Warſaw gaves a difference ten ſeconds greater, and that of 
Creſmunſter fourteen ſeconds leſs ; which differences ought 
not to ſurprize us, conſidering the obſervations upon which | 
the longitudes of theſe two places had been eſtabliſhed ; but, 
on the other hand, the obſervation of Prague clearly proves, 
that the ſituation of that town had been much leſs accurately 
determined than one might have expected. The time for the 
conjunction, which, reſults from this obſervation, is the very 
fame as that which is deduced by M. GzrsTNER's new method, 
deſcribed in the Berlin Ephemeris for the year 1791, p. 243. 
From this time of n the difference of meridians 
comes out equal to 5 42”,7, viz. one minute and ſeventeen 
ſeconds leſs that that of the Requiſite Tables. | 
The calculation of the obſervation made at Bagdat ſeems to 
indicate that there is ſome miſtake with regard to the end of 


the eclipſe, having found, that the — of Apparent lon- 
1 gitude 
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1 from the firſt caleulation is 


and * reſults. 


. EEC £ 
nen. [19 26 4222. 49 23.6 fn 29 2580 


Bagdad, M.. 


_ gitude. at $54 paw is 20% greater than the ſum - of the ſori- 
_ diameters of the ſun and moon, increaſed in proportion of the 
apparent. altitude of the moon: for this reaſon I do not give the 
Thoon's Hatituds in | conjurtion. As for the time of the 4 
Junction, 1 deduce it both from the riws Phaſes together, T, an 
from the commencement only, having previoufly maya 
the moon's latitude of the error which T diſcovered in the 
tables, viz. 11,6. The time of conjunction which reſults 
is 23h. 56' 1” chat which 'refults 
from the ſecond 23h. 56' 16”: this laſt nearly agrees in the 
difference of meridians with the Ephemeris of Paris for the 
your 1789, and differs from the Requiſite Tables by 2 32. 
The following g table E. nnr as hs 2771 by the odſervations 
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vn. | . eli if a | bituminous Lite 6 or Plain i, in the Hon 4 
Trinidad. By Mr. Alexander Anderſou ; \ comm unical 
_ Sir Joſeph Banks, Bart. F. R. * PN | a ee p 


Read F cbruary 19, 1 


MOST remarkable produBtien of nature in the iſland of 
Trinidad, is a bituminous lake, or rather plain, known, | 
by the name of Tar Lake; by the French called La Bray, from 
the reſemblance to, and anſwering the intention of, ſhip pitch., 
It lies in the leeward fide of the iſland, about half-way from 
the Bocas to the ſouth end, where the Mangrove ſwamps are 
interrupted by the ſand-banks and hills; and on a point xf 
land which extends into the ſea about two miles, exactly oppo- 
fite to the Weh mountains of Paria, on. .the north fide of the, 
Gulf. " 
This cape, or ad land, is nhoue fifty feet 2 the level of 
the ſea, ud is the greateſt elevation of land on this fide of the 
iſland, From the ſea it appears a maſs of black vitrified rocks ; 
but, on & cloſe examination, it is found a compoſition of bitu · 
minous feotiæ, vitrified ſand, and earth, cemented together ; 
in ſome parts beds of cinders only are found. In approaching 
this Cape, there is a ſtrong ſulpbureous ſmell, ſometimes diſa- 
greeable. This ſmell is prevalent in many parts of the ground 
to the diſtance of eight or ten miles from it. 

This point of land is about two miles broad, and on the 


— : 2 


eaſt and weſt ſides, from the diſtance of about half a mile 
K 


vor. LXXIX. 


from . 


&f 


a — Ivar: of 


x "Sk the ſea, falls with a gentle declivity to it, and is joined 
td the main land on the ſouth by the continuation of the Man- 
grove (wamps; ſo that the bituminous plain is on the higheſt 
Part of it. aud. ouly ſeparated from. , the ſea by a, margin. of 
Bg which ſurrounds it, and eg Sin: 11 of it. 


Its ſituation 1s ſimilar to a Savannah, and, like them, it is not 
ſeen till treading upon its verge. Its colour, and even furface, 
preſent at firſt the aſpect of a lake of water; but I imagine it 
got the appellation bf Lake whiefl feen in the hot and dry wea- 
ther, at which time its ſurface to the depth of an inch is 
quid, ard then tou its coheſive: — it cannot be 9 
pon. trie 3303760 TO labore 5 1 
4e iö of a eireular formn, and 1 ſoppole abt * 8 in 
eireumference. At my fiſt approach it appeared a plane, as 
ſtnooth as glaſs, exceptibg ſome ſmall clumps of ſhrubs and 
Awarfetrees that had taken poſſeſſion! of ſome ſpots of: it: 
but when I had proceeded ſore yards on it, I found it divided 
into reo of different fizes and ſhapes: the chaſms or divi- 
fions anaſtomofed throoghi every part of it; the ſurface of the 
areolæ perfectly horizontal and ſmooth; the margins undu- 
© Kted, each undulation enlarged to the bottom till they Join 
the oppoſite. On the ſurface the margin or firſt undulation is 
4iſtant from tlie oppoſite from four to fix feet, and the. fanie | 
Bon: arsch before they coaleſce ; but where the angles of the areolæ 
oppoſe, the chaſms or ramifications are wider and deeper. 
When 1 was at it, all thefe chaſms were full of water, the 
whole forming one true horizontal plane, which: rendered my 
inveſtigation: of it difficult and tedious, being neceſſitated to 
plunge 1 into. the water a great depth in paſſing from one areola 
to another. Phe trueſt idea that can be formed of its ſurface 
wi be from the areolæ and their ramitications on the back of 
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a tortle. Tex more ommh coniſtenee and appeararice is that — 
of pit. coal, the colour rather greyer. It breaks into ſmall 
fragments, of a cellular appearance and gloſſy, with a number of 
minute and ſhining particles interſperſed through its ſubſtanes 
it is very friable, and, when liquid, is of a jet black colour. 
_ Some'parts" of the 1 are * * a * and briteſs 
ſeofia, a little elevated. * Fun „ 10007 / 245643 en 
As to its depth, I can m no idea of it; * in no part could 
I find a ſubſtratum of any other fubſtance 3 111 ſome Tour 1 
found calcined earth mixed with it. 1 A 
Although: I ſmelt ſulphur very ſtrong on L over 
many parts of it, I could diſcover no appearance of it, or any 
rent or crack through which the ſteams might iſſue; probably 
it was from ſome parts of the adjacent woods: for although ſul- 
phur is the bafis of this hituminous matter, yet the ſmells are 
very different, aud eaſily diſtinguiſbed, for its ſmell comes the 
neareſt to that of pitch of any thing I know. I could make 
no impreſſion on its ſurface without an axe: at the depth of a 
foot I found it a little fofter, with an oily appearance, in ſmall = 
cells. A little of it held to a burning candle makes a hiſſing 
or cracking noiſe like nitre, emitting ſmall ſparks with a vivid 
flame, which extinguiſhes the moment the candle is removed. 
A piece put in the fire will boil up a long time without ſuffering 
much diminution : after à long time's ſevere heat; the ſurface 
will burn and form a thin ſcoria, under which the reſt remains 
liquid. Heat ſeems not to render it fluid, or occupy a larger 
ſpace than when cold; from which, I imagine, there is but 
little alteration on it during the dry months, as the folar rays 
cannot exert their force above an inch below: the ſurface, 1 1 
was told by one Frenchman,” that in the dry ſeuſon the hole 
Was an uniform ſmooth maſs; and by another, that the ravins 
— contained 
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time of dry weather muſt ſoon empty them; nor from the 


breeze (as is generally the caſe during the rainy ſeaſon in this 


ana. A gentle heat renders it ductile; hence, mixed 


2 , 
2 


70 — — 7 


contained water fit for uſe during the year; but neither can I 
believe: for if, according to the firſt aſſertion, it was an homo- 


| geneous maſs, ſomething. more than an external cauſe muſt 


affect it, to give it thi preſent appearances: nor without ſome 
hidden cauſe can the ſecoud be granted. Although the bot- 
toms of theſe ramiſied channels admit not of abſorption, yet 
from their open expoſure, and the black ſurface of the circumja- 
cent parts, evaporation mult go en amazing quick, and a ſhort 


fituation and ſtructure of the place is there a poſſibility of ſupply 


but from the clouds. To ſhew that the progreſs of evaporation 
is inconceivably quick here, at the time I viſited it, there 


were, on an average, two-thirds of the time inceffant torrents 
of rain; but from the afternoon being dry, with a gentle 


iſland), there | evidently was an | equilibrium between the 
rain and the evaporation; for in the courſe of three days I 
ſaw it twice, and perceived no alteration on the height of * 
water, nor any outlet for it but by evaporation 
I take this bituminous ſubſtance to be the birumen — 


with a little greaſe or common pitch, it is much uſed for the 


bottom of- ſhips, and for which intention it is collected by 


many, and I ſhould conceive it a preſervative againſt the * 
5 deſtructive to ſhips in this part of the world. 


' Befides this place, where it is found in this ſolid dun iti is 
found hquid in many parts of the woods; aud at the diſtance 


of twenty miles from this about two inches thick, round holes 
of three or four inches diameter, and often at cracks or rents, 


— — ny _ and ſmells (tron * of tar than when 


indurated 


4 ; Lok * — in Trinidad. 6y 
indurated, and adheres ſtrongly to any thing it touches; mw ; 
is the only thing that will diveſt the hands of it. 

The ſoil in general, for ſome diſtance round La Bray, is 5 
cinders and burnt earths; and where not ſo, it is a ſtrong 
argillaceous ſoil ; the whole exceedingly fertile, which i is always 
the caſe where there are any ſulphureous particles in it. Every 
part of the country, to the diſtance of thirty miles round, has 
every appearance of being formed. by convulſions of nature 
from ſubterraneous fires. In ſeveral parts of the woods are hot 
ſprings; ſome I tried, with a well graduated thermometer of 
FAHRENHEIT, were 20? and 22* hotter than the atmoſphere 
at the time of trial. From its poſition to them, this part of the 
iſland has certainly experienced the effects of the volcanic erup- 
tions, which have beaped up thoſe prodigious maſſes of moun- 
tains that terminate the province of Paria on the north; and 
no doubt there has been, and ſtill probably is, a communication 
between them.. One of theſe mountains oppolite to La Bray 
an Trinidad, about thirty miles diſtant, has every appear- 
ance of a volcanic mountain: however, tlie volcanic efforts 
have been very weak here, as no trace of them extend above 
two miles from the ſea in this part of the iſland, and the 

greater part of it has had its origin from a very different cauſe 
to that of volcanos; but they have certainly laid the fouuda- 
tion of it, as is evident from the high ridge of mountains 
which ſurrounds its windward fide to protect it from the 
depredatious of the ocean, and is its only barrier againſt that 
over- powering 5 and may peogenly; be called the ſkeletou 
of the iſland.. | | 
From every examination 1 3 . I find the —_ 
land formed of an argillaceous earth, either in its primitive 


tate, or under its different metanworphoſes. The baſes of the 
mountains 
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| Hoodie te compoſec of JlbJPur arge ur add rabihh hibg- 
margo ; but the plains or low länds renaining neatly” i the 
ſame moiſt ſtate as at its formation, tlie component particles 
have not experience the Viciffi tudes of nature fo much 28 
the more elevated parts, tonſequently retain mote of their pri- 
1 mitive forms and-ptoperties. As argillaceous earth is formed 
from the ſediment of the Ocean, from the fitvation of Trmi- 
dad to the Continent, its formation is eaſily accounted for, 
granting firſt the formation of the ridge of mountains that 
bound its windward fide, and the high mountains on the Con- 
tinent that nearly] Join it: for the great influx of currents into 
the Gulf of Paria from' the coaſts of Brazil and Andalufia | 
muſt bring a vaſt quantity of light earthy particles from the 
mouths of the numerous large rivers which travetſe' theſe parts | 

ok the Continent ; but the currents being repelled by! theſe ridges 

of mountains, eddies and ſmooth water will be pre hiced 
they meet and oppoſe, and therefore the earthy parribles x would 
| Tabfide, and form banks of mud, and by freſh accumblations 
added would ſoon form dry land; atld froth theſe cauſes it's 
evident ſuch a tract of country as Tiinidad muſt be formed. 
But theſe cauſes Mill exift, and the effect frotn them is evidèiit; 
22 the iſland is is daily growing on the leeward fide,” 48 may be 
ſeen from the tnud*beds that extend a great way ifits the Gulf, 
and there conſtantly increafe. But from the great influ frotn 
the Ocean at the ſduth end of the illand, and its egteſs to the 


Atlantic again, through the Bocas, a channel mut ever exiſt 
between the Continent and Trinidad. 


. 


VII. An Account of a particular Change of Structure in the 
. Human Ovarium. By Matthew Baillie, M. D.; communt- 
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* HE ovaria m women are ſubje& 10-9 great, v vatigty of 
4 changes from their natural ſtructure. | Many of tlieſe 
are dec ſimilar to what. take place in other parts of the 
body; but there is one which ſeems peculiar to them, the 
nature of which has probably not been hitherto very well 
aſoertained. The change of ſtructure to which I allude, is a 
converſion of the natural ſubſtance of an ovarium into a fatty 
maſs, intermixed with hair and teeth. This ſort of change is 
rare, although it occurs ſufficiently aſten to have heen ſeen by 
moſt perſons who are very converſant in the examination of 
dead bodies. There are many caſes of it related in the different 
books · of diſſections, but, as far as J have diſcovered, mpſt, com · 
monly wichout any remarks upon the mode of formation *; or _ 
they have been conſidered as very imperſect zee a «ths 


S.. oben th opinion of ſome, that hair, teeth, nails, fern Kc. "are: 
animal vegetables or plants; ; and, agreeably to this opinion, Dr. Trsox corfitiers 
the growth of hair and teeth in the ovarium as a Tujus nature, where nature 
endeavours. to produoe ſomething, and being diſappointed in forming an animal, 
produces a vegetable, Vide Hoakels u and Oollection, N“. II. p.. 
and 25, | 


growth 


_ Dr. — Aecount of @ 5 
growth of a foetus in the ovarium, in conſequence of connection 
between a male and a female. This conjecture reſts no doubt on 
ftrongcircu mſtances of probability, and yet thereare many powers 
ful reaſons which ſeem to oppoſe its being well founded. Gene- 
ration is a proceſs always depending on the action of a certain 
cauſe, viz. the uſual connection between a male and a female; 
and, when effects ſimilar to thoſe in generation are perceived, it 
becomes very natural to conclude; that this cauſe has been 
employed. The bias to ſuch an opinion will become the 
ſtronger, from reflecting on the paſſions that are known 
to influence ſo powerfully mankind, by which the agency £4 
this cauſe is frequently excited, When a change, therefore, was 
obſerved in an ovarium, by which it was converted into a fatty 
maſswith hair and teeth, this ſhould ſeem to correſpond-ſo much 
with a change taking place in conſequence of generation, that 
g the mind would ſcarcely entertain a doubt of its arifing from che 
ſame cauſe, and would readily infer, that it had beeu preceded 
| by a connection between the ſexes. This doubt would ſtill be 
the leſs, from the circumſtance of a complete fœtus being 
ſometimes formed in the ovarium, where the uſual means of 
generation had deen employed. The following cafe, however, 
exhibits many reaſons why we ſhould be led to believe, that 
the ovaria in women have ſome; power within themſelves of 
taking on a proceſs which is imitative of generation, without 
any previous connection with a male; and it is is with this view 
that I proceed to relate it. 
In a female child, about twelve or dates years old, which 
was lately brought to Windmill - ſtreet for diſſection, I found 
the right ovarium converted into a ſubſtance, doughy to the 
touch, and about the ſize of a large hen's egg. Upon cutting 
into the ſubſtance, I found an apparently fatty maſs, inter- 
_ mixed 
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Change 1— ts che kin Overicn, Es 73 
mixed with hair and an excreſcence of bones. This ſtartled 
me very much, as I had always been led to believe, that ſuch 
appearances were a ſort of imperfect conception. The cir- 
cumſtances altogether being very ſingular, I was led to pay 
conſiderable attention to the change in the ovarium. | 
The fatty maſs was of a yellowiſh white colour, in ſome 
places more yellow than in others, was very unctuous to the 
feeling, and confiſted of ſhortened or ſe parated particles, not 
having the ſame coaleſcence which the fat has generally in the 
body. It became very ſoft when expoſed to the heat of a fire, and 
ſunk into a portion of paper, on which it was ſpread, fo as to 
make it more tranſparent. When the paper to which it was 
applied was expoſed to'the flame of a candle, it burnt with 

conſiderable crackling. * _ 
The hair with which the fatty Ae was 4 grew 
out of the inner ſurface of the capſule containing it, in ſome 
places in ſolitary hairs, but chiefly in ſmall faſciculi, at ſcat- 
tered irregular diſtances. Beſides theſe, there were looſe hairs 
involved in the fatty maſs. The hairs: were, ſome of them, 
of confiderable length, even to three inches, were fine, and 
of a light-brown colour. They reſembled much more the 
hairs of the head, than what are commonly found on the pu- 
bis, and correſponded very much in 2 to the hair of the 
| girl's head. 
There aroſe alſo from the inner an of the capſule 4 
veſtiges of human teeth. One appeared to be a canine tooth, 
another to be a ſmall grinder, two others to be inciſors, and there 
was alſo a very imperfect attempt at the formation of another 
tooth. Theſe were not fully formed, the fangs being want- 
ing zbut in two of them the bodies were as complete as they 
are ever found in the common circumſtances. They were each 


Vol. LXXIX. L of 
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| of them” Wbtloſed 3 in a proper capſule, which aroſe from the 
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inner furface of: the- ovarium, and conſiſted of a white thick 
opaque membrane. Attached to the capſules. of three of the 
teeth; there was a white ſpungy ſubſtance. The membrane of 
the ovarium ittelf was of ſome conſidetable thickneſs, but 
unequal in the different parts, was very ſmooth in its inner 
ſurface, and more irregular externally. The uterus was ſmal- 


ler than it is commonly at birth, was perſectly healthy in its 


ſtructure, and upon opening into its cavity it exhibited the 
ordinary appearances of a child's uterus at that period. The 


left ovarium was very ſmall, correſponding to the ſtate of the 


uterus. ' It appears clearly from this, that the uterus had not, 
yet received the increaſe of bulk, which is uſual at the age of 


puberty. The hymen was entire, fuch as is commonly found 


in a child of the ſame Age 3 and there was juſt beginning a 


lanugo upon the labia, not more than what is often found on. 
the upper lip of a boy of fifteen years old. Such are the cir- 
cumſtances attending this ſingular caſe, and they preſent to the 
| and various grounds of conſideration. . | 


The formation of hair and teeth is a ſpecies of generation, 


; fob? in fact it makes a part of it, and ſtrikes the mind as being 


very different from any irregular ſubſtance which is farmed by 
diſeaſe. This formation too takes place i in a part of the body 


which is ſubſervient to generation, and where a complete 
foetus is ſometimes formed. The whole of this looks very 
much as if the production of hair and teeth in the ovarium was a 


ſort of imperfect impregnation. But when we take another view 


of it, there are reaſons at leaſt equally ſtrong for believing that 


ſuch productions may ariſe from an action in the ovarium itſelf, 


without any ſtimulus from the application of the male ſemen. 


In 
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In the caſe before us, the uterus was as ſmall as at birth, 
indeed more ſo, and the left ovarium (which was perfectly 
healthy) correſponded to the ſtate of the uterus. It had not 
been at all ſtimulated, nor did appear capable of being ſtimu- 
lated by the application of the male ſemen. This ſeems to be 
a ſtrong circumſtance ; for in a caſe where there was an ovum 
formed in one of the Fallopian tubes, the uterus was enlarged to 
more than twice its unimpreguated ſze; and, upon opening into 
Its cavity, the decidua was obſerved to be formed as completely 
as in the impregnated uterus. This preparation is ſtill pre- 
ſerved in the collection of Windmill-ſtreet. Nothing can be a 
ſtronger proof, that when an impregnation takes place out of the 
cavity of the uterus, the uterus ſtill takes a ſhare in the action, 
and undergoes ſome of the changes of impregnation. In another 
preparation, which is preſerved in the ſame collection, where 
there was a feetus formed in the ovarium, the uterus was 
increaſed to more than twice its ordinary fize, was very thick 
and ſpungy, and had its blood-vefſels enlarged as in an im- 
pregnated uterus. This becomes another very ſtrong proof of 
| the action of the uterus in the formation of an extra- uterine 
foetus. In the caſe before us, however, the uterus had under- 
gone no change, and does not ſeem to have arrived at that 
period, when 1 it could be capable of undergoing ſuch a change. 
Beſides, we are not to conſider the formation of teeth in the 
Udi to be a quicker proceſs than it is commonly in the 
head of a fœtus; but in the preſent caſe the teeth having 
advanced folly as far as they are at tome months after birth, 
this proceſs mult have begun at leaſt more than a hm 
before the death of the child. . If then we conſider it as an 
impregnation, ſince the appearances of the child do not warrant 
us to believe Her to have been more than twelve or thirteen years 


L 2 - old, | 


* = . Dai ww 8 — 2 der 
old, this | driogs the date of the impregnation to an earlier 
period than can well be believed. From all theſe circum- 
ſtances we might be led to ſuppoſe, that the formation of the 
hair and teeth was not in conſequenoe of any connection with 
a male, but aroſe from ſome action of the ovarium itſelf, in 
which the uterus did not participate. The exiſtence of the 
hy men, eſpecially in ſo young a girl, becomes a collateral 
confirmation of the ſame opinion, although —_— is not to be 
reſted on it, when taken ſingly. ? 
It will, perhaps, have ſome influence in removing the pre- 
| Judices againſt this opinion, to make the following remarks. 
Hair is occaſionally formed in parts of the human body, which 
are abſolutely unconnected with generation. Encyſted tumours 
are ſometimes found containing hair. Mr. HunTzx has a 
preparation of this ſort in his collection, which he cut out from 
under the ſkin of the eyebrow. This tumour was perfectly | 
complete, and unconnected with the ſkin, except by the com- 
mon intervention of cellular membrane, ſo as to have no 
communication whatever with the hair of the eyebrow, 
In this inſtance there was certainly a ſpecies of generation. 
taking place in the encyſted tumour itſelf, forming hairs as 
completely and fully as in the common progreſs of the forma- 
tion of a child. Such encyſted tumours have been found in 
other parts of the human | body, and ſtill more frequently in 
quadrupeds. Mr. — has in his collection many ſpeci- 
mens of encyſted tumours from cows and ſheep containing hair 
and wool. Theſe were perfectly complete, ſo as to have poſ- 
ſeſſed a power of production within themſelves, and were many 
of them found deeply ſeated at a conſiderable diſtance from 
the ſkin, which 1s the common parent of hair. In theſe tu- 
mours there is often the appearance of layers of cuticle, which is 
Wy probably 


* 
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probably a preparatory ſtep to the formation of hair. All this 
ſhews moſt clearly, that hair may be formed without any ; 
ſpecies of generation as it is commonly underſtood. 

But hair is in itſelf as diſtin a conſequence of generation as : 
teeth, and as much a peculiar ſubſtance. If then the one be 
formed, there appears to be no reaſon why the other ſhould 

not alſo be formed. The action producing the one is not 
better underſtood than that producing the other; nor does it 
appear to be really in itſelf leſs connected with that ſpecies of 
generation ariſing from the approach of a male, ſo that teeth 


may probably be formed by a peculiar action taking place. 
in the ovarium itſelf, as well as the hair. 


It will tend to add further weight to this opinion, to con- 
fider that many of the adult teeth are formed in a child after 
birth ; and therefore their formation depends on an action 
taking place in the jaws at a particular period, and not on 
original growth. The ſame circumſtance ſtrikes more ſtrongly 
in the occaſional formation of teeth at an advanced time of life. 
Both of theſe proceſſes take place after the animal has been 
formed, in conſequence of a certain action being excited in a 
particular part of the body, and therefore there is leſs difficulty 
in believing that the ſame ſort of proceſs may go on in another 
part of the body not commonly employed! in it. It ſeems reaſona- 
ble alſo to ſuppoſe, that the ovaria ſhould Have a greater aptitude 
of taking on a proceſs ſomewhat ſimilar to generation than 
the other indifferent parts of the body, as they conſtitute a part 
of the organs which are ſo materially concerned in the real 
proceſs itſelf *. Theſe circumſtances, when taken colleQively, 


would 


* As the formation of teeth and hair involved in a fatty maſs may be faid to 
be * to the ovaria, and as there are ſtrong reaſons for believing, that this 
formation 
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4 ſeem to ed To gail it very probable, that the formation of 
hair and- teeth in the ovarium does not neceſſarlly depend on a 
connection between a male and a female (as has been the com- 


mon opinion), but ariſes from ſome action within the ovarium 


itſelf, which 1 1s imitative of generation. 


* - 
1 


formation may take place without an intercouſe between the ſexes, it becomes 


difficult to account for this peculiarity in them, unleſs by ſuppoſing, that they 
have a greater aptitude of running into ſuch a proceſs than the other parts of the 
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N. Some e of the Vegetable and Mineral Produftions f 
Boutan aud Thibet. By Mr. Robert Saunders, Surgeon ar 
Boglepoor in Bengal; communicated by Sir Joſeph Banks, 


Bari. P. K. 8. 


Read February 26 and March 5, 4 789. 
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0D to Buxaduar, May 11 and 12, 1783. The tract | 
of country from Bahar to the foot of the hills con- 


tains ; but few plants that are not common to Bengal. Pine- 


apples, mango tree, jack and ſaul timber, are frequently to be 


met with in the foreſts and jungles. Find many orange · trees 
towards the foot of the hills, of a very good ſort, and bearing 


much fruit. Saw a few lime trees, and found three different 


ſpecies of the ſenſitive plant. One ſpecies is uſed medicinally 
by the natives of Bengal i in fevers 3 it is a powerful aſtringent 


and bitter; another is the ſpecies from which Terra Japonica i is 


made, a medicine the hiſtory of which we are but lately made 
acquainted with. The third ſpecies 1 is well known as the ſen- 


2 


ſitive plant, and common in Bengal. 


i Tha country, from Bahar to the foot of the mountains, to 
which we approach without any aſcent, is rendered one of the 
moſt unhealthy parts of India, from a variety of caules. ' © 

The whole, a perfe& flat, is at all times wet and ſwampy, 
with a luxuriant growth of reeds, long graſs, and underwood, 
in the midſt of ſtagnated water, numerous frogs and inſects. 
The exhalations from ſuch a ſurface of vegetable matter and 


ſwamps, increaſed by an additional degree of heat from the 
reflection 
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| reflection of the hills, affect the air to a conſiderable extetit, | 
and render it (highly injurious. to ſtrangers and European co con- 
ſtitutions. N 8 7 | 
The thermometer at the foot 4 the hill, mid-day $6*, fell 
to 78⁵ at two o clock, the time we reached Buxaduar, and that 
hour of the day when it is generally higheſt, 
The ſoil and appearance of the ground in aſcending the hill 
are materially changed. See many looſe {parry ſtones and rock 
containing iron. Two ſprings, conducted from a diſtant height 
by! ſpouts, are very pure and good water, without any mineral 
impregnation. The mountains in view covered with foreſts of 
5 trees, rendered uſcleſs from their ĩnacceſſibility. Thoſe peen- 
| liar to the country are known. to the natives by the names 
= Boumbſhi. Toumbſhi and  Sindeſhi beſides faul runber, bamboo, 
1 and plantains. 

Buxaduar, May 12 to 21. Many of the plants peculiar ws 
Bengal require nurſing at Buxaduar. There is one very good 
banian tree. In the jungles, met with the ginger, and a very 
good fort of vam; ; ſaw ſonie pomegranate · trees in good preſer- 
vation; ſhallots in great perfection; a ſpecies of the Lychnis, 
 Arum, and Aſclepjas, natives of more northern fituations, and 

of little uſe; a bad fort of raſberry, and a ſpecies of the 
Glorioſa. The plantains i in uſe below do not thrive here. 
In the jungles they have a plantain-tree producing a very broad 
leaf, with which they cover their huts; but the fruit is not 
eaten. See many weeds and long graſs more common to 
Bengal than any other parts of Boutan. 

From the 1 5th to the 22d, the rains were almoſt inceſſant . 
at Buxaduar. Our People became unhealthy, and were at- 
tacked with fevers, which, if neglected in the beginning 
proved obſtinate — This was the caſe with ſeveral of 
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the | natives whom I had an opportunity of ſceing. They 
ſcarcely, however, admit: that Buxaduar is unhealthy at auy 
ſeaſon of the year. After allowing for their prejudice, ang 
the poſſibility - of the natives ſufferitig but little from the bad 
ſeaſons, I cannot help thinking, that Buxaduar- muſt be un- 
healthy, at leaſt to ſtrangers, from the month of May till 
towards the end of September. It lies high, but is over- 
topped by the ſurrounding mountains, covered with foreſts of 
trees and underwood. In all climates, where the influence of 
the ſun is great, this is a never - failing cauſe of bad air. The 
exhalation that takes place from ſo great a ſurface in the day- 
time falls after ſunſet in the form of dew, rendering the 
air raw, damp, and chilly, even in the moſt ſultry climates. . 
The thermometer at Buxaduar was never, at two o'clock in 
the afternoon, above 82, or below 73% 
In the neighbourhood of Buxaduar there are fervent ſth 
ſprings of water, ſome of them with leſs impregnation of any 
fort than I ever met with; the niceſt teſt ſcarcely produced 
the ſeparation of a ſenſible quantity of earthy matter. Such 
waters are generally to be diſtinguiſhed by the taſte, which 
is inſipid and unpleaſant. When theſe ſprings: could be traced 
to their ſource; they 1 unk the thermometer eight or ten * 
grees below the temperature of the atmoſph er. 
Road to Muriſhong, May 22 and 23. In aſcending 
the hill from Buxaduar there is to be ſeen much of an 
imperfect quartz, of various forms and colour, having in 
ſome places the appearance of marble; but from chemical | 
experiments, it was found to poſſeſs very different properties. =_ 
This ſort of quartz, when of a pure white, and free from | 
any metallic colouring matter, is uſed as an ingredient in por- 
celain. I have not ſeen any that - promiſes. to anſwer that pur- 
Poſe. better than what is to be met with in the mountains near 
Vol. LXXIX. M Buxaduar. 
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Buzaduar; I is known to mineralifts in that Nats by the a 
name of quartz gritſtone. The rock which forms the haf of 
theſe mountains dips in almoſt every direction, and is covered 
Vith a rich and fertile ſoil, but in no place level enough to be 
_ cultivated. Many European plants are met with on the road to 
Murifhong ; many different ſorts of moſſes, fern, wild thyme, 
peaches, willow, chickweed, and grafſes common to the more 
ſouthern parts of Europe, nettles, thiſtles, dock, ſirawberry, 
raſderry, and many deſtruftive creepers, fore 2 to 
Europe. 
Murichong is the fict paſar and n foot. to 
be met with on this fide of Boutan. It lies high, and 
much of the ground about it is cleared and cultivated; the 
| foil, rich and fertile, produces good crops. The only plant 
now under culture is a fpecies of the Polygonum of Lins 
wevs, producing a triangular feed, nearly the fize of barley, 


beginning of their harveſt; and the ground yields them, as in 
other parts of Boutan, a ſecond crop of rice. Here are to be 
found in the Jungles two ſpeeies of the Laurus of LixxxUs; 
one known by the name of the baſtard cinnamon. The bark 
of the root of this plant, when dried, has very much the taſte 
and flavour of cinnamon; it is uſed medicinally by the natives, 
The Chenopodium, producing the ſemen ſantonicum, or worm- 
ſeed, a medicine formerly 1 in great character, and uſed in thoſe f 
diſeaſes from which it is named, is common here. 
Found in the neighbourhood of this place all the * 
plants we had met with on the road. The aſcent from Buxa- 
duar to Muriſhong is upon the whole — with a ſenſible 
change in the ſtate of the air. 
Road to Chooka, May 25. On the road to Chooka find al 
the Muriſhong plants, cinnamon - tree, mow, and one or two 


firs ; 


dend the common, food of the inhabitants. It was now the | | 


" Much ſparry flint, and a "fart of granite with which the 
road i is paved, There is a great deal of talc in the Nones and 
ſoil, but in too ſmall pieces to be uſeful. Frequent beds of clay 
and pure ſand. Find two mineral wells, ſlightly impregnated 
with iron, with much appearance of that metal in this part of 
the country; and they are not un acquainted with the method 
of extracting it from the ſtones, but ſtill deſpiſe its uſe i in 
building. Towards Chooka there are many well cult ivated 
fields of wheat and barley. 
Road to Punukha, May 26. From Chooka the country opens, 
and preſents to view many well cultivated fields and diſtant vil- 
lages; a rapid change in climate, the vegetable productions, and 
general appearance of the country. Towards Puriukha, pines 

and firs are the only trees to be met with ; but they do not yet 
| ſeem in their proper climate, being dwarfiſh and ill-fhaped ; 

peaches, raſberries, and ſtrawberries, thriving every v here ; 
ſcarce a plant to be ſeen that is not of European growth. In 
addition to the many 1 have already mentioned, ſaw two ſpe- 
cies: of the Cratzgus, one not yet deſcribed, Saw two afh- 


weeds, in general natives of the Alps and Switzerland. 
Much of the rock to-day is, I find on examination, 

pure. limeſtone ;. a valuable acquiſition if they did not either 

deſpiſe its uſe, or were unacquainted with its properties. 
It was moſt advantageouſly ſituated for being worked, and 
the pureſt perhaps to be met with. There is likewife abun- 
dance of fire-wood 1 in this part of the country. In building 
they would derive great benefit from the uſe of it. Their 
houſes are lofty, the timbers ſubſtantial, and nothing wanting 
M 2 to 


trees in a very thriving ſtate, the ſtar-thiſtle, and many other 
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of lime. py a manure it — probably be ufed” to grea 


advantage. Ma any fields of barley in this part of the country ; 
now the beginning of their harveſt. The thermometer here 
fell, at four 0 clock in | the afternoon, to 60ꝰ¹õ 4 cold and 


chilly. $ T | | „Btitl eing 1 


Road to Chepta, May 27. On the road to Chepta, the 


rock | in general dips . to the, northward and eaſtward, in about 
an angle of ſixty degrees. Much of limeſtone, and ſome veins 


A 


of quartz, and looſe. Pieces of y_ flint ſtriking fire with 
feel. 6 


Several ſprings, 2 one e flightly impregnated with i iron. 


In addition to the plants of yeſterday, find the Coriandrum 


tefliculatum, Inula montana, and Rhododendum magnum. 
At Chepta met with a few turneps, one 'maple-tree, worm- 


wood, Ga (Galium aparine), and many other European 


$343 


weeds the firſt walnut- tree we had yet ſcen. oy . 

Cheb pta "lies high, and not above fix miles, from the moun- 
tain of Lomyla, now covered with ſnow. The wind from 
that « quarter, S'E. made i it cold and chilly, and ſunk tlie ther- 
mometer at mid- day to 57". Here are | fome fields of wheat 
and barley not yet ripe. 

Road to Pagha, May 29. Soon after leaving Chepta find 
a mineral well, which, on a chemical” examination, gave 
marks of a ſtrong 1 impregnation from i iron. I traced it to its 
ſource, where the thermometer, on u being immerſed, fell from 

"I little * we gn Pagha, met with ſome meſtone, All 
a bed of chalk, which, near the ſurface, contained a great 


proportion of ſand, but ſome feet under was much Purer. 8 
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The foreſts of firs: of an * . * * ines. 7 
aw. and bramble. 16:11 5 | 
Road to Tafſeſudon; May: 30 and 51, 51 1 The wa 
Get here to Taſſeſudon prefents us with little that we. have 
not met' with; fewer ſtrawberries, and no raſberries; ſome 
very good orchards of peaches, apricots, apples, and pears. 
The fruit formed, and will be ripe in Auguſt and September. 
Met with two ſorts of cranberry, one very good. Saw the 
Fragaria ſterilis, and a few poppies. ' At Wanakha found a 
few turneps, ſhallots, cucumbers, and gourds. Near to Tafle- 
ſudon the road is lined 'with many different ſpecies of the roſe, 
and a few jeſſamine plants. The ſoil is light, and the hills in 
many places barren, rocky, and with very little verdure. The 
rock in general laminated and rotten, with many ſmall par- 
ticles of tale in every part of the country incorporated with 
the ſtones and foil. Some limeſtone, and appearance of 
chalk. Several good and pure ſprings of water. 
Taſſeſudon and its neighbourhood abound with all the 
plants we have already mentioned. The hills are chiefly 
wood, with firs and afpen: I have not yet been able to find an 
oak-tree, and the aſh is very ſeldom to be met with. The 
elder, holly, bramble, and dog-roſe, are common. Found the 
| bireh-tree, cypreſs, yew, and delphinium. Many different 
ſpecies of the vaccinium, of which the bilberry is one, and 
the cranberry another. Towards the top of the adjacent 
mountains met with two plants of the Arbutus uva urſi, which 
is a native of the Alps, the moſt mountainous parts of Scot- 
land, and Canada. | 
I have likewiſe ſeen a ſpecies as the heck plant (Rheum 
8 brought from a diſtance, and only to be met with 
near the ſummits of hills covered with ſnow, and where the 
5 {oil 
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wiſe the native of a cold climate; and though China ſupplies 
us with much of this drug, 1 it is khown to be the growth of 
its more PT provinces, Tartary, and part of the Ruſſian 
domin The great difficulty is in drying the roet. : People 
hes he: in — buſineſs fay, that one hundred pounds of the freſh 
root ſhould not weigh above ſix pounds and a half, if property 
dried, and it certainly has been reduced to that. I have feen 
eighty: pounds of freſh root produced from one plant; but, 
after drying it with much care and attention, the weight of the 
dried root could not be made lefs than twelve pounds. It was 
ſuſpended i in an oven, with an equal and moderate degree of 
beat. Little more than the ſame quantity of this Poder 
produced a fimilar effect with the beſt foreign rhubarb. 504 
The ather plants common here are the ſervice· tree, bleſſed 
thiſtle, mack orange, Spiræa filipendula, Arum, Echites, Punica, 
Ferula communis, Erica, and Viola. Of the roſe-buſh I wo 
met with the five following ſpecies ; Roſs As. centifolia, ca 
nina, Indica, ſpinoſiſſima. 
The culture of pot-herbs is every when ad rep 
a few onions and ſhalots, were the beſt we could 2 
Mr. BocLE left potatoes, cabbage, and lettuce- plants, all 
which we found negle&ed and diſperſed. They had very im- 
properly (from an idea moſt probably of their being natives of 
Bengal) planted them in a ſituation and climate which ap- 
proaches very near to that of Bengal at all ſeaſons, as we ſhall 
find aſterwards. Melons, gourds, brinjals, and eucumbers, are 
occaſionally to be met with. The country is fitted for the 
production of every fruit and vegetable common without the 
tropics, and in ſome ſituations * bring to . many 
of the tropical fruits. 
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There ate two plants which I have to regret the not ebe | 

had as yet an opportunity of ſceing ; one is the tree from the 

bark of which their paper is made ; and the other i is employed 
by them in poiſoning their arrows. This laſt is ſaid to come 
from ã very remote part of the country. They deſeribe it as 
growing to the height of three or four feet, with a hollow 
Falk. The juice is inſpiſſated, and laid as a paſte on their 
arrows. Fortunately for them, it has not all the bad effects 
they dread from it. I had an opportunity of ſeeing ſeveral 
who were wounded with theſe arrows, and they all did well, 
though under the greateſt apprehenſion. The cleaning and 
enlarging ſome of the wounds was the moſt that I found 
neceſſary to be done. The paſte is pungent and acrid, will 
increaſe inflammation, and may make a bad or neglected 
wound mortal; but it certainly docs not poſſeſs any ſpecific 
quality as 2 poiſon. 
The fir, ſo common in this country, is perhaps the 
only tree they could convert to a uſeful and profitable pur- 
poſe. What I have ſeen would not, from their ſituation, 
be employed as timber. The largeſt I have yet met with 
were near Wandepore ; ; they meaſured from eight to ten feet 
in circumference, were tall and ſtraight, Such near the Bur- 
rampooter, or any navigable river, might certainly be tran- 
ſported to an advantageous market. I am convinced that any 
quantity of tar, pitch, turpentine, and reſin, might be made 
in this country, much to the emolument of the natives. Firs, 
which from their ſize and fituation are unfit for timber, would 
anſwer the purpoſe equally well. The proceſs for procuring tar 
and turpentine 18 ſimple, and does not require the conſtructiou . 
expenſive works. This great object has been ſo little attended 


to, that they are ſupplied from Bengal with what they want of 
theſe articles. - + 
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and much rock of many different forms, but fan an 4 fe 
1 king field for a mineraliſt. 1 have not found in Boutan a 
foſſil that had the leaſt appearance of containing any other 
metal than iron, and a ſmall portion of copper. From infor- 
mation, and the reports of travellers, J believe it is otherwiſe 
to the northward. The banks of the Ticuſhu, admitting of 
cultivation for ſeveral miles above and below Taſſeſudon, yield 
them two crops in the year. The firſt of wheat and barley is 
cut down in June; and the rice, planted immediately after, 
enjoys t the benefit of the rains. This country is not without i its 
hot wells, as well as many numerous ſprings, ſome of which 
I have taken notice of. One hot well, near Wandepore, is ſo 
| cloſe to the bariks of the river as to be overflowed in the 
rains, and we found it impoſſible to get to it : the heat of this 
well is great; but I could not learn that the ground about it 
was much different from the general af] ſpect of the country. 
Another, ſeveral days j journey from hence, is on the brow of 
a hill perpetually covered with ſnow. This hot well is held 
in great eſtimation by the people of the country, and reſorted 
to by valetudinarians of every deſcription. I gained but little 
ſatisfactory information reſpecting the degree of heat, or ap- 
pearance of the ground about it, that could lead 1 me to form a 
Juſt opinion of either. ' 
Taaſſeſudon to Paraghon, Sept. $ and 9. Left Taſſeſudon, 
and arrived next day at Paraghon. Much good rich ſoil, with 
more paſture, where the ground is not cultivated, than we had 
yet met with. Many fields of turneps in great perfection; a 
plant they ſeem better acquainted with the cultivation - 
than any other. Find on the road many large and well-thriy- 


ing birch, willows, pines, and firs, ſome walnut-trees, the 
Arbutus 
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Derry, Chiry ſanthemum or greater daiſy; and many Euro- 
penn graſſes. | See the Datura ferox+or thotrn - apple, a plant 
common in China and ſome parts of Thibet, where it is uſed 
medioinally. They find it a powerful narcotic, and give the 
ſeeds where they wiſh that effect to be'produced. It has been 
uſed as a medicine in Europe, and is known to poſſeſs theſe 
qualities in a high degree. See holly, dog · roſe, and aſpeu. 
The preſent crop near Paraghon, on the banks of the Pacha, 
is rice, but not ſo far advanced as at Taſſefudon; the ſame 
may be ſaid of their fruits. They ſay it is colder here at all 
ſeaſons than at Taſſeſudon, h is A below the level 
of this place. , . | 
Towards the ſummit of the mountain we eb found 
ſome roek of a curious appearance, forming in front ſix 
or ſeven angular ſemi-pillars, of a great circumference; and 
ſome hundred feet high. This natural curioſity was de- 
tached in part from the mountain, and projected over a conſi- 
derable fall of water, which added much to the beautiful and 
pictureſque appearance of the whole. Numerous ſprings, 
ſome degrees colder than the ſurrounding atmoſphere, guſhing . 
from the rock on the moſt elevated part of the mountain, fur- 
' niſh a very ample and ſeaſonable ſupply of excellent water to 
the traveller. The rock, in many places laminated, might 
be formed into very tolerable ſlate; Near to Paraghon iron 
ſtones are found, and one ſpring _ eng with this 
mineral, 
| Road to Dukaigun, Sb r. Our road to | Dokalgun, 
nearly due north, is a continued aſcent for eight miles, along 
the banks of the Pachu, falling over — rocks, preci- 
Vol. LXXIX. N pices, 
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| Hides; ud huge — Here x we begin 10 enperionce a hey 
couſiderable change in the temperature of the atmoſphere; 


impregnated with a ſelenitic earth. 


2 Maay horſes, the ſtaple article of their trade, are bred in this 


chilly. 
waſhed down from the mountains by the rapidity of its ſtream; 


Road to Chichakumboo. F rom Sanha the; Bane 18 th 


from three diſtinct rivulets, all in view, ramified and ſupplied 
by numerous ſprings), and ſoon after arrive at the moſt ele- 


the ſufrounding: hills were covered with ſnow in the) morning, 
which bad fallen the preceding night, but diſappeared ſoon 
after ſuntiſe. The thermometer fell. 0 58” mn the nn. ; 
and did not riſe above 62? at nooͤn. 1 
The face of the mountains, in Fes N 1 with! Wn 
jecting rock of many different forms; quartz, flint, and a bad 
ſort of freeſtone, common. Many 0 * {privgs, Nightly 


The ſoil is rich, and near to this river in er ent6raticn. 


part of the Wee Found e ee Nb, apples, 

and! pears 052 547 11h | : 
Road to "IEP Sep 12. The cg; Ain aſcending to 

en and near to the river for ten miles. 18 27 

The thermometer falling ſome degrees, we n it ole * 

The bed of the river is full of large ſtones, probably 


they are chiefly: quartz and granite. Here is excellent vom 
for numerous herds of goats. | 


a # fi] 1 


greater, and, after keeping for ten miles aldeg the banks of 
the Pachu, ſtill a conſiderable ſtream, we reach its ſource 


vated part of our road. 5 4 


Hlere we quit the boundary of Boutan, and enter the uni- 
. of Thibet, where nature has drawn the line ſtill more 


-ſtrongly, and affords, perhaps, the moſt extraordinary con- 
traſt 


7 | outan 91 „ 
lt that: takes Place 0 ot ay 4 face. of = poorer 7 rom 9 B 
eminence are to be ſeen the mountains of Boutan, covered 4 
with trees, ſhrubs, and verdure to their . tops, and on the 
ſouth ſide of this mountain to within a few feet of the a ; 
ground on which we tread.” On the north ſide the eye takes i in 
an extenſive range of hills and plains, but not a tree, ſhrub, 
or ſcarce a tuft; of graſs to be ſeen. Thus, in the courſe of 
leſs than a mile, we bid adieu to a moſt fertile ſoil, covered 
with perpetual verdure, and enter a country where the ſoil and 
climate ſeem inimical to the production of every vegetable. The 8 
change in the temperature of the air is equally obvious and rapid. 
22 thermometer in the forenoon 345. with froſt and ſnow - 

in the night-time. Our preſent obſervations on the cauſe of 

this change confirmed us in a former opinion, and inconteſta- 
bly prove, that we are to look , for that difference of climate 

from the ſituation of the ground as more or lefs above the 

general level of the earth. In attending to this cauſe of heat 

or cold, we muſt not allow ourſelves to be deceived by a com- 

pariſon with that which is immediately in view. We ought 

to take in a greater range of country, and where the road is 
near the banks of a river, we cannot well err in forming a T 
judgement of the inclination of the ground. Punukha and 
Wandepore, both. to the northward of Taſſeſudon, are quite | 
in a Bengal climate. The thermometer at the firſt of theſe 
places, in the months of July and January, was within two 
degrees of what it had been at Rungpore for the ſame periods. 
They ſeem in more expoſed ſituations than Taſſeſudon; ; and, 
were we to draw a compariſon of their heights from the ſur- 
rounding ground, I ſhould ſay they were above its level. 
The road, however, proves the reverſe. From Punukha to 
= Wow Taſſe- 
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: Taſleſudon we bad a D and ſteep aſcent for fit e + 

and a half, with a very  inconfiderable deſeent on the Taſſe. 

ſudon fide. From the fouth fide of the mountain dividing | 

Bout from Thibet, the ſprings and rivulets are tumbling 

down in caſcades and totrents, and have been traced by us 

near to the foot of the hills, where they empty themſelves 
to the eaſtward of Buxaduar. On the north fide they glide 
ſmoothly along, and by paſfing to the northward: as: far as 
| Tiſhoolumboo, prove a deſcent on that fide, which the eye 

; could not detect. This part of the country, being the moſt 

= elevated, is at all times the coldeſt; and the ſnowy moun- 
= tains, from their heights and bearings, 5 the 

diſtance, are certainly thoſe ſeen from Purnea. 

The foil on the Thibet fide of the mountain is andy, with 
much gravel and many looſe ſtones. On the road found the 
Aconitum pyreneum, and two ſpecies of the Saxifraga, £ 

See a large flock of chowry tailed cattle ; their extenſiue | 
range of paſture feems to make amends for its poverty. 
From Faro to Duina, Sept. 15. From Faro to Duina paſs 
over an extenſive plain, bounded by many ſmall hills, oddly 
arranged; ſome of them detached and ſingle, and all ſeem 
compoſed of ſand collected in that form, having the wes 

| their general baſe. 

At Duina found a few Slots of baby. which they are Now: 
cutting down, though green, as deſpairing of its ripening. 
The thermometer, at fix o'clock in the morning, below the 
freezing point, and the ground partially covered with fnow. 

Road to Chalu, Sept. 16. Continue on the plain; find 
three ſprings forcing their way through the ground with vio». 
lence, and giving rife to a lake many miles in extent, ſtored 
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Produtiie e Boutan and Thibet, — 4 
| with millions of : water: ow and excellent fiſh... Of the 
firſt ſam the cyrus, ſolan geeſe, many kinds of ducks, 
pintados, eranes, and gulls of different ſorts. The ſprings 
of this lake are in great reputation for the cure of moſt 
diſeaſes. I examined the water, and found i it contain a portion 
of alum with the ſelenitic earth. On the banks of the lake 
I found a cryſtallization, which proves to be an alkaline ſalt; 
it is uſed by the natives for waſhing, and anſwers the purpoſe 
as well as pot- -aſh. The paſture which is impregnated with 
this ſalt is greedily . ſought after by ſheep and goats, and 
proves excellent food for them. The hills are chiefly compoſed 
ol ſand. ineruſted by the inclemency of the weather and vio- 

lent winds, ſeeming at firſt view compoſed of freeſtone. 
Road to Simadar, Sept. 17. Paſs a lake ſtill more conſi- 5 
derable than the former, with which it communicates 1 - 
narrow ſtream, about three miles long. There never was a 
more barren, or unpromiſing ſoil; little turf, graſs, or vegeta- 
tion of any ſort, except near the lake. See a few huts, moſtly 
in ruins: and deſerted. The only grain in this part of the 
eountry is barley, which they are cutting down N where 
green. 
Paſs two indi; one of om. Alightly impregnated with 
alum. They form the principal: ſource of a. river, which 
empties itſelf in the Burzampooter near Tifſoolumboo, | 8 

The wind from the eaſtward of ſouth is now the coldeſt: 
and. moſt piercing; paſſing over the. ſnowy mountains and dry 
ſandy deſart before deſcribed, it comes diveſted of all vapour 
ar moiſture, and produces the fame. effect as the hot dry winds 
in more ſoutherly ſituations. Mabogany boxes and furniture, 


that had withſtood: the Bengal climate for years, were warped 
with 
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with eagle: fiſſures, and rande uſeleſs, The natives 
D, a direct expoſure to theſe winds occaſions the loſs of their 
| fore-teeth ; and our faithful guide aſcribed that defect in him- 

ſelf to this cauſe. We eſcaped n wr of the lin from the N 
| greateſt part of our faces. 
| Road to Seluh, Sept. 18. Near our road va bund a 
hot well, much frequented by people with venereal com- 
plaints, rheumatiſm, and all cutaneous difeaſes. They do not 
drink the Water, but uſe it as a bath. The thermometer, 
when immerſed in the water, roſe from 40 to 88˙. It has a 
ſtrong ſulphureous ſmell, and contains a portion of hepar 
ſulphuris. Expoſure to ait deprives it, as moſt other mineral | 
wells, of much of its property. | 
Road to Takui, Sept. 19. Paſs bote fields. of burly and 
peaſe, and get into a milder climate. Find to-day a great 
variety of ſtone and rock, ſome containing copper, and others, 
a very pure rock cryſtal, regularly cryſtallized, with fix une- 
qual. ſides. | The rock cryſtal 1 is of different ſizes and degrees 
of purity, but of one form. Find ſome flint and granite, 
ſeveral ſprings of water impregnated with i iron, and nearly of 
the ſame temperature with the atmoſphere. See a few ill- 
thriving willows planted near the habitations, and which are 
the only trees to be met with. | 
Road to Tiſſoolumboo, Sept. 20, 21, and 22. The remain 
ing part of our journey is over a more fertile ſoil, enjoying a 
milder climate. Some very good fields of wheat, barley, and 
peaſe; many pleaſant villages and diſtant houſes, leſs ſand and 
more rock, part flaty, and much of it a very good ſort of flint. 
The ſoil in the valley a light· coloured clay and ſand. They 
are every where employed in cutting down their crop. What 
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""Produltions of 1 Boutan and Thibet. n rv 
| a happy climate! The F 
and ſo confident are the of the eontinuance of this weather, 
that their crop is thrown, together in a convenient part of the 
field, without any cover, to remain till they can find time to 


* 


ſerene and clear, without a cloud; 


threſh it out, 


Before we reached Tiſſoolumboo found ſome ali and aſh- 
trees. 


The hills in | Thibet have, FSR their general appearance, 


ſtrong marks of containing thoſe foſſils that are inimical to 


! ſuch are moſt of the ores of metal and pyritical 


The country, properly explored, promiſes better 3 any 1 
have ſeen to gratify the curioſity of a philoſopher, and reward 
the labours of a mineraliſt. Accident, more than a ſpirit of 


enterpriſe and enquiry, has already diſcovered the preſence of 
many valuable ores and minerals in Thibet. The firſt in this 
liſt is deſervedly gold. They find it in large quantities, and 
| frequently very pure. In the form of gold-duſt ; it is found in 
the beds of rivers, and at their ſeveral bendings, geuerally 
; attached to ſmall pieces of ſtone, with every appearance of its 
having been part of a larger maſs. They find it ſometimes i in 


large maſſes, lumps, and irregular veins; J the adhering ſtone 
is generally flint or quartz, and 4 have ſometimes ſeen a 


half. formed, impure ſort of precious ſtone in the maſs. . 
By a common proceſs for the purification of gold, I ex- 


tracted 12 fer cent. of refuſe from ſome gold-duſt, and on 
examination found it to be ſand and filings of iron, which laſt 

was not likely to have been with it in its native ſtate, but pro- 
bably employed for the purpoſe of adulteration. Two days 
journey from Tiſſoolumboo there is a lead mine. The ore is 
much the ſame as that found in Derbyſhire, mineralized by 


ſulphur, 
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ſulphur, and the metal obtained by the very ta Spe 
ration of fuſion alone. Moſt lead contains a portion „ 
filver, and ſome in the proportion to make it an object to 
work the lead ore for the ſake of the ſilver. Cinnabar, 
containing a large proportion of quickſilver, is found 


in Thibet, and might be advantageouſly employed: for the 


purpoſe of extracting this metal. The proceſs is ſimple, by 


diſtillation ; but to carry it on in the great would require 
more fuel than the country can well ſupply. I have ſeen ores - 


and looſe ſtones containing copper, and have not a doubt of 


its being to be found in great abundance in the country. Iron 
is more frequently to be met with in Boutan than Thibet; 5 


and, was it more common, the difficulty of procuring proper 
fuel for ſmelting the leſs valuable ores, muſt prove an inſu- 


is the only ſubſtitute they have for fire- wood, and with that 
alone they will never be able to excite a degree of heat ſuffi- 
ciently intenſe for ſuch purpoſes. Thus fituated, the moſt 
valuable diſcovery for them would be that of a coal mine. 


and uſed as fuel. 
Tincal, the nature and produ@tion of which we have only 


hitherto been able to gueſs at, is now well known, and Thi- 


bet, from whence we are ſupplied, contains it in inexhauſtible 


quantities. It is a foffil brought to market in the ſtate it is 


dug out of the lake, and afterwards refined into Borax by 
ourſelves. - Rock ſalt is likewiſe found in great abundance i in 


Thibet. 
The lake, from whence tincal and rock falt are collected, is 


about fifteen days journey from Tiſſoolumboo, and to tlie 
| northward of in tn ene on all fides by rocky hills, 


without 


perable objection to the working them. The dung of animals 


In ſome parts of China bordeting on bern e is found : 
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de of Routan nd Thibet. | w_ 97 
without any brooks or rivulets near at hand; but its waters are- 
ſupplied by ſprings, which being ſaltiſh to the taſte are not 
uſed by the natives. The tincal is depoſited or formed in the 
bed of the lake; and thoſe who go to collect it, dig it up in 


large maſſes, which they afterwards break into ſmall pieces ""_— 


the convenience of carriage, expoſing it to the air to dry. 
Although tincal has been collected from this lake for a great 
length of time, the quantity is not perceptibly diminiſhed ; 
and as the cavities made by digging it ſoon wear out or fill up, 
it is an opinion with the people, that the formation of freſh 
tincal is going on. They have never yet met with it in dry 
ground or high ſituations, but it is found in the ſhalloweſt depths, 
and the borders of the lake, which deepening gradually from 
the edges towards the center contains too much water to 


admit of their ſearching for the tincal conveniently; but 5 


from the deepeſt parts they bring up rock ſalt, which is not 

to be found in the ſhallows, or near the bank. The waters of 

the lake riſe and fall very little, being ſupplied by a conſtant 
and unvarying fburce, neither augmented by the influx of any 
current, or diminiſhed by any ſtream running from it. 'The 
lake, Iam affured, is at leaſt twenty miles in circumference, 
and ſtanding in a very bleak fituation is frozen for a great 


part of the year. The people employed in collecting theſe 


ſalts are obliged to deſert from their labour ſo early as Oftober, 
on account of the ice. Tincal is uſed in Thibet for ſoldering 
and to promote the fuſion of gold and filver. Rock ſalt is 
univerſally uſed for all domeſtic purpoles | in Thibet, ——— 
and Naphaul. 

The thermometer at Tiſſoolumboo during the — of 
October was, on an average, at eight o'clcck in the morning 


38?, at noon 46, and fix o'clock in the evening 42*%. The 
Vol., LXXIX. Oo Is. weather 
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weather . cool, and pleaſant, and the prevailing wind 
from the ſouthward. During the month of November we 
had froſts morning and evening, a ſerene clear ſky, not a 
cloud to be ſeen. The rays of the ſan paſſing through a me- 
dium fo little obſcured had great influence. The thermometer 
was often below 30“ in the morning, and ſeldom above 
38 at noon in the ſhade : wind from the ſouthward. 8 
Of the diſeaſes of this country, the firſt that attracts our notice, 
as we approach the foot of the hills, i is a glandular ſwelling i in the 
throat, which is known to prevail in fimilar fituations in fome 
parts of Europe, and generally aſeribed to an impregnation of 
the water from ſnow. The diſeaſe being common at the foot of 
the Alps, and confined to a tract of country near theſe moun- 
- tains, has firſt given riſe to the idea of its being occaſioned by 
ſnow water. If a general view of the diſeaſe, and ſituations 
where it is common, had been the ſubject of enquiry, or 
awakened the attention of any able practitioner, we ſhould 
have been long ſince undeceived i in this reſpect. On the coaſt 
of Greenland, the mountainous parts of Wales and Scotland, 
where melted ſnow muſt be continually paſſing into their | 
rivers and ſtreams, the diſeaſe is not known, though it is 
common in Derbyſhire, and ſome other parts of England. 
Rungpore is about one hundred miles from the foot of the 
hills, and much farther from the ſnow, yet the diſeaſe 18 as 
frequent there as in Boutan. In Thibet, where ſnow is never 
out of view, and the principal ſource of all their rivers and 
ſtreams, the diſeaſe is not to be met with; but what puts the 
matter paſt a doubt, is the frequency of the diſeaſe on the 
coaſt of Sumatra, where ſnow is never to be found. On 
finding the vegetable productions of Boutan the fame as thoſe 
of the Alps in almoſt every inſtance, it occurred to me, that 
„ 
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the diſeaſe might ariſe from an impregnation of the water by 
theſe plants, or the ſoil probably poſſeſſing ſimilar qualities, 
the ſpontaneous productions of both countries, with very few 
exceptions, being ſo nearly alike. It however appears more 
probable, that the diſeaſe is endemial, proceeding from a pe- 
culiarity in the air of ſituations in the vicinity of mountains 
with ſuch ſoil and vegetable productions. I am the more 
inclined to think ſo, that I have univerſally found this diſeaſe 
moſt prevalent amongſt the lower claſs of people, and thoſe 
| who are moſt expoſed to the unguarded influence of the wea- 
ther, and various changes that take place in the air of ſuch 
fituations. The primary cauſe in the atmoſphere producing 
this effect i is, perhaps, not more inexplicable than what we 
meet with! in the low-lands of Eſſex and fens of Lincolnſhire. 
An accurate analyſis of the water uſed in common by the 
natives, where this diſeaſe is more or leſs frequent, and where 
It is not known in fimilar expoſures, might throw ſome light 
on this ſubject. 
This very extraordinary diſeaſe has . little attended to, 
from obvious reaſons; it is unaccompanied with pain, ſeldom 
fatal, and generally confined to the poorer ſort of people. The 
tumor is unſightly, and grows to a troubleſome fize, being 
often as large as a perſon' s head. It is certainly not exag- 
gerating to ſay, that one in fix of the Rungpore diſtrict, and 
country of Boutan, has the diſeaſe. 

As thoſe who labour moſt, and are the leaſt . 3 
the changes of weather, are moſt ſubject to the diſeaſe, we 
univerſally find it in Boutan more common with the women 
than men. It generally appears in Boutan at the age of thir- 
teen or fourteen, and in Bengal at the age of eleven or twelve; 
ſo that in both countries the diſeaſe ſnows itſelf about the age 
O 2 of 
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though a mercurial courſe ſeemed to check its progreſs, but 
did not prevent its advance after i intermitting the uſe of mer- 
cry. An attention to the primary cauſe will firſt lead to a 


for a ſhort while, at that particular period when it appears, 


all climates,” and proves the greateſt ſcourge'to the human race. 
It bas been long a matter of doubt, whether this diſeaſe has 
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different Preparations. In defence of the opinion of other 


diſeaſe is frequent i in many parts of the world, where it could | 
not be ſuppoſed that they were acquainted with quick- 
filver, and the proper method of preparing it as a medicine, 


J muſt own, that 1 expected to have been able to have added 


their method of treating it ſucceſsful ;. nor could I allow my- 
ſelf to think they were acquainted with the method of pre- 
paring quickſilver, ſo as to render it a ſafe and efficacious me- 


greſs, and rage with more violence, than in any other. This is 


nitre, vermillion, and quickfilver, are placed i in the bottom of an 
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of puberty. 1% not believe this diſeaſe has ever been removed, 


- 


proper method of treating the diſcaſe ; a change of ſituation 
might be the means of preventing it. 


The people of this happy climate are not exempt from the 
venereal diſeaſe, which ſeems to rage with unremitting fury in 


ever been cured by any other ſpecific than mercury and its 


ſpecifics being in uſe, it has always been urged, that the | 


one other ſpecific for this diſeaſe to our liſt in the Materia 
medica, being informed that the diſeaſe Was common, and 
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dicine. In this, however, 1 was miſtaken. 
The diſeaſe ſeems in this country to make a more rapid pro- 


to be accounted for from the groſsneſs of their food and little 


attention to cleanlineſs. 
There is one preparation of mercury in common uſe with. 


them, and made after the following manner. A portion of alum, 


JJC ͤ ͤ. . 


earthen. 
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Wo 1 and Tibet. rot 
earthen pot, with a ſmaller one inverted put over the materials, 
and well luted to the bottom of the lather pot. Over the 
ſmall one, and within the large one, the fuel is placed, and 
the fire continued for about forty minutes. A certain quantity 
of fuel, carefully weighed out, is what regulates them with 


reſpect to-the degree of heat, as they cannot ſee the materials 
during the operation. When the veſſel is cool, the ſmall in- 
verted pot is taken off, and the materials collected for uſe. I 

attended the whole of the proceſs, and examined the materials. 
afterwards. The quickſilver had been acted on by the other 
ingredients, deprived of its metallic form, and rendered a ſafe. 
and efficacious remedy. e 5 

A knowledge of chemiſtry has taught u us a more certain 
method of rendering this valuable medicine active and effica- 
cious; yet we find this preparation anſwering every good pur- 
poſe, and by their guarded manner of exhibiting it perfectly 
ſafe. This powder is the baſis of their pill, and often uſed in ex- 
ternal application. Ihe whole, when intimately mixed, formed 
a reddiſh powder, and was made into the form of pills by the 
addition of a plum or date. Two or three pills taken twice a 
day generally bring on, about the fourth or fifth day, a ſpit- 
ting, which is encouraged by continuing the uſe of the pills 
for a day or two longer. As the ſalivation advances, they put 
a ſtick acroſs the patient's mouth, in the form of a gag, and 
make it faſt behind. This, they ſay, is done to promote the 
ſpitting, and prevent the loſs of their teeth. They keep up · 
the ſalivation for ten or twelve days, during which time the 
patient is nouriſhed: with congee and other liquids. Part of 
this powder is often uſed externally by diffuſing it in warm 
water, and waſhing ſores and buboes. They diſperſe buboes 


frequently by poultices of turniꝑ tops, in which they always 
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put e ben and ſometimes muſk. Nitre, as a cooler, is 
very much uſed internally by them in this diſeaſe, and they 
ſtrictly enjoin warmth and confinement during the ſlighteſt 
mercurial courſe. Buboes advanced to ſuppuration are opened 
by a lancet, with a large inciſion, which they do not allow to 
cloſe before the hardneſs and tumor are gone. In ſhort, I found 
very little room for improving their practice in this diſeaſe. I 
introduced the method of killing quickſilver with honey, gave 
them an opportunity of ſeeing it done, and had the ſatisfaction 
f finding it nn uſed by themſelves before we left the 
| country. 
This kenny climate profits us wth. but little variety i in 
their diſeaſes. Coughs, colds, and rheumatiſm, are more fre- 
quent here than in Bengal. Fevers generally ariſe here from 
a temporary eauſe, are eaſily removed, and ſeldom prove fatal. 
The liver diſeaſe is occaſionally to be met with, and complaints 
in the bowels are not unfrequent; but the groſſneſs of their food, 
and uncleanlineſs of their perſons, would in any other climate be 
the ſource of conſtant diſeaſe and ſickneſs. They are ignorant 
if (as we were, not many years ago) of the proper method of treat- 
ing diſeaſes of the liver and other viſcera; this is, I believe, the 
cauſe of the moſt obſtinate and fatal diſeaſe to be met with in 
the country, I mean the dropſy. As the Rajah had ever been 
deſirous of my ald and advice, and had directed his doctors to 
attend to my private inſtructions and practice, I endeavoured to 
introduce a more judicious method of treating thoſe diſeaſes by 
mercurial preparations. I had an opportunity of proving the 
advantage of this plan to their conviction in ſeveral inſtances, 
and of ſeeing them initiated in the practice. 
Fhe Rajah favoured me with above ſeventy ſpecimens of the 
e. in uſe with them. They have many ſorts of ſtones and 
petrifactions 
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petrifactions ſaponaceous to the touch, which are employed as an 
external application in ſwellings and pains of the joints. They 
often remove ſuch complaints, and violent head-achs, by fumi- 
gating the part affected with aromatic plants and flowers, They 
do not ſeek: for any other means of information reſpecting the 
ſtate of a patient than that of feeling the pulſe; and they confi- 
dently ſay, that the ſeat of pain and diſeaſe is eafily to be diſ- 
coyered, not ſo much from the frequency of the pulſe as its 
vibratory motion. They feel the pulſe at the wriſt with their 
three fore-fingers, firſt of the right, and then of the left 
hand; after prefiing more or leſs on the artery, and occa- 
fionally removing one or two of the fingers, they determine 
what the diſeaſe is. They do not eat any thing the day on 
which they take phyſic, but endeavour to make up the loſs 
afterwards by eating more freely than before, and uſing ſuch 
medicines as they think will occaſion coſtiveneſs. . 
The many ſimples in uſe with them are from the vegetable 
kingdom, collected chiefly i in Boutan. They are in general inoffen- 
five and very mild in their operation. Carminatives and aromatics 
are given in coughs, colds, and affections of the breaſt. The 
centaury, coriander, carraway, and cinnamon, are of this ſort. 
This laſt is with them the bark of the root of that ſpecies of 
Laurus formerly mentioned as a native of this country. The 
bark from the root is in this plant the only part which par- 
takes of the cinnamon taſte; and I doubt very much if it 
could be diſtinguiſhed by the beſt judges from what we call = 
the true cinnamon. The bark, leaves, berries, and ſtalks of T 
many ſhrubs and trees, are in uſe with them, all in decoction. 
Some have much of the aſtringent bitter taſte of our moſt 
valuable medicines, and are generally employed here with the 


ſame view, to ſtrengthen the powers of digeſtion „ and mend 
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« general babie. Their en purgative A . 
brought by the Chineſe to Laſſa. They had not any medicine 


that operated as a vomit, till 1 gave the Rajah ſome ipecacu- 
anha, who made the firſt experiment with it on himſelf. 
In bleeding they have a great opinion of drawing the blaod 
from a particular part. For head-achs they bleed in the neck; 
for pains in the arm and ſhoulder, in the cephalic vein ; and of 
the breaſt or ſide, in the median; and if in the belly, they bleed 
in the bafilic vein. They think pains of the lower extremity 
are beſt removed by -bleediv g in the ancle. They have a great 
Prejudice againft bleeding. in cold weather; nor is any urgency 
or violent 3 a at that time a ſuffictent reaſon for 
<Joing it. 
They * their lucky 2 RISEN oat FR 3 or 
taking any medicine; but T have known them get the better 
or this prejudice, and be prevailed on. 
Cupping 1 is much practited by them; a horn, on the fize 
of a cupping glaſs, is applied to the part, and by a ſmall aper- 
ture at the other end they extract the air with their 
mouth. The part is afterwards ſcariſied with a lancet. 
This is often done on che back; and in pain and ſwelling of 
the Enee it is held as a ſovereign remedy. I have often ad- 
mired Their dexterity in operating with bad inſtruments. 
Mr. Ham ton gave them ſome lancets, and they have 
ſince endeavoured, with ſome ſucceſs, to make them of that 
Form. "They were very thankful for the few I could ſpare 
them. In fevers they uſe the Kuthullega nut, well known 
in Bengal as an efficacious medicine. They endeavour to cure 
the dropfy by external applications, and giving a compounded 
medicine made up of above thirty different ingredients: they 
ſeldom or never ſucceed in effecting a cure ef this diſeaſe. 
2 | explained 
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I explained to the Rajah the operation of tapping, and ſhewed 
him the inſtrument with which it was done. He very ear- 
neſtly expreſſed a deſire that I ſhould perform the operation, 
and wiſhed much for a proper ſubject; ſuch a one did not 


occur while I remained, and perhaps it was as well both for 
the Rajah's patients and my own credit; for after having ſeen 


it once done, he would not have heſitated about a repetition of 
the operation. Graveliſh complaints and the ſtone in the blad- 
der are, I believe, diſeaſes unknown here. _ 


The ſmall-pox, when it appears among them, is a diſcaſe that 


ſtrikes them with too much terror and conſternation to admit 


of their treating it properly. Their attention is not employed in 
ſaving the lives of the infected, but in preſerving themſelves 


from the diſeaſe. All communication with the infected is 
ſtrictly forbidden, even at the riſk of their being ſtarved, and 


the houſe or village is afterwards eraſed. A promiſcuous and 
free intercourſe with their nei ighbours not being allowed, the 


diſeaſe is very ſeldom to be met with, and its Progreſs 
always checked by the. vigilance and terror of the natives. 


ever introduced, muſt be very general to prevent the devaſtation 


that would be made by the infection 1 in the natural way ; and 
| where there could not be any choice in the ſubject fit to receive 
the diſeaſe, many muſt fall a ſacrifice to it. The preſent Ra- 
jah of Thibet was inoculated, with ſome of his followers, 


when in China with the late Tiſhoo Lama. 


The hot bath is uſed in many diſorders, * in 
complaints of the bowels and cutaneous eruptions. The hot 


wells of Thibet are reſorted to by thouſands. In Boutan they 
ſubſtitute water warmed by hot ſtones thrown into it. 


Vor. LXXIX. 


* 


105 5 


Few in the country have had the diſeaſe. Inoculation, if 
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1 Thiber the natives are more ſubject to ſore e eyes and blind 
neſs than in Boutan. The high winds, ſandy foil, and glare 
from the reflection of the na . eee or ſnow a _w | Rnd, 

account for \- 1 

I have dwelt "I on 110 tober, talks think the know- 

ledge and obſervations of theſe people on the diſeaſes of their 
country, with their medical practice, keep pace with a refine- 
ment and ſtate of civilization, which ſtruck me with wonder, and 
no doubt will give riſe to much curious ſpeculation,” when 

Known to be the manners of a people hold ing ſo welt inter- 

= - _ Elite with what we tert civilized nations. 

A Dee. 7. Left Tiſhoolumbo, and found the cold increaſe 

| . every day as we advanced to the ſouthward, moſt of the run 

ning waters frozen, and the pools covered with ice ſtrong 

Gilough to carry. Our thermometer having ohly the ſcale as 

Ibw as 16 we could not preciſely determine the degree of 

cold, the quiekfllver being under that every morning. The 

froſt is certainly never fo intenſe in Great- Britain. On our 
return to the lakes the 14th, we found them deſerted by the 
water fowl, and were informed that they had been one ſolid 

Piece of ice ſince the 10th” of November. Here we reſumed 

our amuſement of ſkating, to the great aſtoniſhment of the 

natives and Bengal ſervants. © — ada bd 

On the 17th we' re-entered Boutan, and in fir PR more 

arrived at Punukha by Paraghon. No ſnow or froſt to be mei . 

with in Boutan, except towards the tops of their highe 

mountains; the thermometer ring to 365 f in the raoriling, 

and 43* at noon. ” 
Took leave of che Debe Rajab, and on the I 2th arrived 

at Buxaduar. 

Calcutta, Feb. 17, 1784. CS dd nn KOOL 
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0 \ AS Lae 3 is wh e of, ant a Son article eee in 
Aſus, a country bordering on and much connected with Thi- 
bet, ſome account of it may not be an mus 2 5 
to the above remarks. 1 "958 
Lac is, ſtrictly ſpeaking, neither a Sammy x nor nia ſub- 
Nino; though it has ſome properties in common to both. 
Gums are ſoluble in water, and reſins in ſpitits; lacadmits af 
a very difficult union with _— without the mediation of 
ſome other agent. £118 een 
Lat is known in — 1 * different appellations of 
lick lac, ſeed lac, and ſhell lac. The firſt is the lac in pretty 
conſiderable: lumps, with much of the woody parts of the 
branches on which it is formed adhering to it. Seed lac is only 
the tick lac broke into ſmall pieces, garbled, and appearing in a 
_ granulated form. Shell lac is the purified lac, __ a very —_ 
| proceſs to be mentioned afterward, 
Many vague and unauthentieated reports concerning has have 
ches the public; and though amongſt the multiplicity of ac- 
counts the true hiſtory of this ſubſtance has been nearly hit on, 
little credit is given in Europe to any deſcription of it hitherto 
publiſhed. My obſervations, as far as they go, are the reſult of 
what I have ſeen, from the lac on the tree, the progreſs of the in- 
ſe& now in my cuſtody, and the information of a gentleman re- 
ſiding at Goalpara on the borders of Aſſam, who is perfectly 
verſaut in the method of breeding the inſect, inviting it to thg 
tree, collecting the lac from the branches, and forming it into 
ſhell lac, in which ſtate much of it is received from Aflam, 
and exported to Europe for various great and uſeful purpoſes. 
The tree on which this fly moſt commonly generates is knowry 
in Bengal by the name of the Biber tree, and is a ſpecies of 
7-3 the 
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2 «* — N © AND 
"ae Wannen The fly is nouriſhed by the Gy md. there | 
depoſits | its eggs, which nature has provided it with the 
means of defenciug from external injury by a collectiom of 
this lac, evidently ſerving the twofold purpoſe of a nidus and 
covering to the ovum and inſect in its firſt ſtage, and food for 
the maggot in its more advanced ſtate. The lac is formed into 
complere cells, finiſhed with as much regularity and art as a 
honey - comb, but differently arranged. The flies are invited 
to depoſit their eggs on the branches of the tree, by beſmearing 
them with ſome of the freſh lac ſteeped in water, which 
attracts the fly, and gives a better and larger crop. 
The lac is collected twice a . in the months of F amg 
gas Auguſt. 

I have examined the egg of the &. with a very ney mi - 
* it is of a very pure red, perfectly tranſparent, except 
n the centre, where there were evident marks of the embryo 
| forming, and opaque. ramifications paſſing off from the body 
of it. The egg is perfectly oval, and about the ſize of an 
ant's egg., The maggot is about the one-eighth of an inch 
long, formed of many rings (ten or twelve) with a ſmall red 
head; when ſeen with a microſcope, the parts of the head 
were eaſily diſtinguiſhed, with fix ſmall ſpecks on the breaſt, 
ſomewhat projecting, which ſeemed to be the incipient formation 
of the feet. This maggot is now in my cuſtody, in the form 
of a nymph or cryſalis, its annular coat forming a ſtrong 
covering, from which it ſhould iſſue forth a fly. 1 have never 
ſeen the fly, and cannot therefore deſcribe it more fully, or 
determine its genus and ſpecies, Iam promiſed a drawing of 
the inſeQ in its different ſtages, and ſhall be able ſoon to add 
to a botanical deſcription of the plant a drawing of the 
branch, with the different parts of fructification and lac on it. 
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| The gentleman to whom I. owe part of my information 
terms the lac the excrement of the inſect. On a more minute 
inveſtigation, however, we may not find it more ſo than the 
wax or honey of the bee, or ſilk of the ſilk- worm. Nature 
has provided moſt inſects with the means of ſecreting a ſub- 
ſtance which generally anſwers the twofold purpoſe of de- 
fending the embryo, and ſupplying nouriſhment to the inſect 
from the time of its animation till able to wander abroad in 
queſt of food. The freſh lac contains within its cells a liquid, 
ſweetiſh to the taſte, and of a fine red colour, miſcible in 
water. The natives of Aſſam uſe it as a dye, aud cotton 
dipped in this liquid makes afterwards a very good red ink. 
The ſimple operation of purifying lac is practiſed as follows. 
It is broken into ſmall pieces, and picked from the branches and 
ſticks, when it is put into a ſort of canvas bag of about four 
feet long, and not above fix inches in circumference. Two of 

theſe bags are in conſtant uſe, and each of them held by two 
men. - The bag 3 is placed over a fire, and frequently turned 
till the lac is liquid enough to paſs through its pores, when it 
is taken off the fire, and ſqueezed by two men in different 
directions, dragging it along the convex part of a plantain- 
tree prepared for the purpoſe; while this is doing, the other 
bag 1 is heating, to be treated in the ſame way. The mucila- 
ginous and ſmooth ſurface of the plantain- tree ſeems pecu- 
harly well adapted for preventing the adheſion of the heated 

lac, and giving it the form which enhances its value ſo much. 
The degree of preſſure on the plantain- tree regulates the 
thickneſs of the ſhell, and the quality of the bag determines + 

its fineneſs and tranſparency. They have learned of late, that 

the lac which is thicker in the ſhell than it uſed to be, is moſt 


prized in Europe. Aſſam furniſhes us with the greateſt quan- 
tity 
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ity of 11. in uſe; and it may not be generally wi 8 . ak 
Ate tree on whith they” produce the beſt aud largeſt quas- 
tity of lac is not uncommon in Bengal, and might be em- 
ployed in propagating the fly, and cultivating the lac, to great 
adyantage. The ſmall quantity. of lac collected in theſe pro- 
vinces affords a precarious and uncertain crop, | becauſe not 
attended to. Some attention at particular ſeaſons is neceſ- 
fary to invite the fly to the tree; ; and collecting the whole of 


the lac with too great an avidity, where the inſect i is not very 

generally to be met with, may annihilate the breed. 

Thie beſt method of cultivating the tree, and preſerving 

the inſe&, being properly underſtood in Bengal, would ſecure 

to the Coſs poſſeſſions the benefit ariſing from the fale. of a 
lucrative . in great demand and of extenſive uſe. | 
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| Stages and diſtance — to Fiſleſodon and Tiſſoo- 
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XI. Experiments on the Phlogiflication of Spirit of Nite. 
0 By ihe Rev. Jolep h Prieſtley , LL.D. F, R. S. 2 8 
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Read March 26, 1789. 

8 the colouring of ſpirit of nitre has ſome connection 
with the doctrine of phlogiſton, to which 1 Propoſe to 
give my beſt attention, I have lately reſumed my experiments 
on that ſubject, and bog leave to hy the refult ad them before 
the Society. 5 13 
In my former experiments, __ IV. p. 2. I found that tho | 
colourleſs acid became ſmoking, or orange- coloured, and emit- 
ted orange-coloured vapours, on being expoſed to heat in long 
glaſs tubes, hermetically ſealed ; and I then concluded, that 
Vox. LXXIX. X this 


e Bund ON it was not beat, bot het 2 thas 
was capable of giving colour to ſpirit of nitre, contained in 
"Ht phials with ground ſtoppers, in the courſe of ſeveral days; 
— that 3 in this caſe the effect was produced by the action of 
light upon the vapour, which gradually imparted i its colour to 
the liquor on which it was incumbent (ſee Vol. V. p. 342.), I 
was led to ſuſpect, that as the glaſs tubes, in which I had for- 
merly expoſed this acid to the action of heat, were only held 
near to a fire, in the day- light, or candle- light, it might have 
been this ligbt, which, in theſe circumſtances, had, at leaſt 1 in 
part, contributed to produce the efet, 
In order to aſcertain whether the light had bad any u 
ence in this caſe, I now put the colourleſs ſpirit of nitre into 
long glaſs tubes, like thoſe which I had uſed before, and alſo 
| ſealed them hermetically, as I had done the others; but, in- 
ſtead of expoſing them to heat in the open air, from which 
light could not be excluded, I now ſhut them up in gun bar- 
rels, cloſed with metal ſcrews, ſo that it was impoſſible for 
any particle of light to have acceſs to them; and Ithen placed 
one end of the barrels ſo near to a fire as was ſufficient to make 
the liquor contained in the tube to boil, which I could eaſily 
diſtinguiſh by the found which it yielded. The conſequence + 7 
was, that in a ſhort time the acid became as highly coloured -” 
as ever it had been when expoſed to heat without the gun 
barrel. It was evident, therefore, that it had been mere heat, 
and not light, which had been the means of giving this colour 
to the *. and which has been r: termed phlog ifticating 
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L When 1 made the former experiments, 1 bad no ſuſpieen 
that the air contained 1 in the tube had any concern in the reſult 
of them; and, in thoſe which T made in the phials in a mode- 
rate heat, 1 found that the acid received its colour When the 
beſt vacuum that I could make with an air pump was over it. 
My friend Mr. Kirwan; however, having always ſuf- 
pected, that the air was a principal agent in the buſineſs, I at 
this time gave particular attention to this circumſtance; ſuppo- 
ſing that, if any part of the common air had been imbibed, it 
muſt have been the phlogt Micated, and that it was the phle- 
giſton from this kind of air which had phlogiſticated the acid. 
The real reſult, however, was not ſo much in favour of this 
a ſuppoſition as I had expected; for the principal effect of the 
proceſs was the emiſſion of dephlogiſticated air, ſo that the 
acid ſeems. to become what” we call phlogiſticated, by parting 
with this ingredient 1 in 1ts compoſition, 
I put a ſmall quantity of the colourleſs acid into a long glaſs 
tube, which beſides the acid would have contained 1.23 ounce 
meaſures of common air, but that the vapour of the acid ex- 
cluded about one-twentieth of the quantity. Having ſealed 
the tube hermetically, I ſhut it up in a gun barrel, in the man- 
ner mentioned above, and expoſed i it to a boiling heat for ſeve- 
ral hours, and then opening it under water there came out 
of it 2,03 ounce meaſures of air, very turbid and whitez and 
when it was examined, it appeared to be of the ſtandard of 
1.02, with two equal meaſures of nitrous air; when with one 
meaſure of the ſame nitrous air the ſtandard of the common 
air was 1.07. The quantity of phlogiſtieated air abſorbed in 
this experiment I aſcertained by the following computation. 
As one meaſure of common air, and an equal quantity of 
nitrous air were reduced to 1.97 m. it is evident, that 0.93 m. 


X 2 had 


\ — — 


Sup. - on ber oth. wes wie. hr I ESE i a. 
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cated air, and that the remainder of the meaſure, vis. 0.34, 
| had been the proportion of phlogiſticated air in one meaſure 


giſticated air had been either abſorbed or decompoſed, its phlo- 


mn "We Parnbrtar's Teperiment wiv the | 
had bent but as this was effected by the nitrous air uniting 


with. all the dephlogiſticated air contained in the common maſs, 
and as they unite in the proportion of one meaſure of dephlo- 


giſticated air to two meaſures of nitrous air, one-third of the 
o. 93 m. ui. o. 31 m. will be the quantity of dephlogiſticated 


air that was contained in the one meaſure of common air on 
which the experiment was made, the remainder, vix. 0.69, 


having been phlogiſticated air. The common air contained in 


the tube would have been 1.2 302. m.; but deducting from it 
one-twentieth in the whole, it will only be 1. 17 oz. m. I 
then ſay, if one meaſure of this air contains 0.69 m. of phlo- 
giſticated air, 1.17 0. m. will contain 0.8073 oz. m. of phlo- 


giſticated air. This, therefore, was the quantity of phlogiſti- 


cated air which had been expoſed to the action of the acid of 


nitre in the tube. Be 
In order to find how much af. the ſame kind af air was con- 


rained i in the tube after the proceſs, I examined the reſult above 


mentioned. in the following manner. Since two meaſures of 


| nitrous air, and one of this reſiduum, were reduced to 1.02 m. 
it is evident, that 1.98 m. had diſappeared, and conſequently 


one-third of this quantity, V/Z. 0.66 m. had been dephlogiſti- | 


of this reſiduum. If then one meaſure of this reſiduum con 


tains 0:34 m. of phlogiſticated . 2.03 O. m. will contain 


contained in it hoon A ak: ſo that a part of _ == 


giſton having been imbibed by the acid at the ſame time that 


it had 1 the F air. 


In. 
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..I ider proceſs, of the ſame kind, the glaſs tube con- 
rained 0.92-0Z. m. of common air, and the air that came out 
of it after. the proceſs was one ounce meaſure, of the ſtandard 
of 1.6 with two meaſures of nitrous air, and computing as 1 
did before, the phlogiſticated air in the tube before the proceſs 
was 0.6072 o. m., and after the proceſs 0.54 o:. m. 

In theſe computations it is ſuppoſed, that the air. ned by 
the acid was perfectly pure, ſo that all the phlogiſticated air 
that 1s found after the proceſs i is ſuppoſed to have been con- 
tained in the common air confined in the tube before it was 
commenced. But I found, that the air emitted by the acid is 
by no means perfectly pure, fo that much of the impurity 


\ 


£ muſt be aſcribed to this circumſtance. 


In order to exclude all air from the contact of the acid, E 
made a quantity of it to boil in the tube, and when the vapour 
had expelled all the air, E ſealed it hermetically, in the manner 
in which water hammers are made ; and then expoſing it to 
heat, found that it acquired as high a colour as when air had 


been confined along with it ; ſo that it is evident, that air is not 5 


neceſſary to this effect. When the tube was opened under wa- 
ter, a quantity of dephlogiſticated : air ruſhed out, exceedingly 
white as before; but when 1 examined it, I found i it to be of 
the ſtandard of only 0.66. When this i impurity is conſidered, | 

it will appear, that when much air is yielded in this proceſs, 
fome phlogiſticated air may have been imbibed, though, com- 
puting in the manner above mentioned, the phlogiſticated air 
after the proceſs ſhould be in greater quantity than was con- 
tained in the tube before it, as was the caſe in the e 


experiment. 

In a glaſs tube which, beſides the acid, contained 7.73 02. 

m. of common air, I expoſed colourleſs ſpirit of nitre to heat 
— : 


till | 


which i is conſiderably leſs than 0.7477 oz. m. 


any thing from phlogiſticated air, is evident not only from its 
becoming ſo when heated in vacuo, as deſcribed above, but 
alſo, when it was in contact with any other kind of air, as free 
from phlogiſticated air as I could make it. But from the man- 


"De Fuerte Exp iments | 


0 till it VIPER of a deep orange colour ; and when i it was dpided 
under water, there came out of it 2.8 3 oz. m. of air exceedingly | 


turbid, of the ſtandard of 0.66, with two equal quantities of 


' nitrous air, when that of the common air, with one equal 
quantity of nitrous air, was 1.07. Computing i in the manner 


above mentioned, there was in the tube before the proceſs 


0,7477 oz. m. of phlogiſticated air, and after the proceſs 


0.8792 oz. m. But the dephlogiſticated air, amounting to 
1.7 OZ. m. being of the ſtandard of 0.66, will be found to 
contain o. 374 OZ. m. of phlogiſticated air, which being de- 
ducted from 0.8792, there will remain only 0.5052 OZ. m. 


That the nitrous acid can become coloured, without :mbibing 


ner in which theſe experiments were neceſſarily made, it was 


| impoſſible intirely to exclude phlogiſticated air, either as part 
of the atmoſpheric air, or as contained in the i -1mpurities of the 


air that I made uſe of ; for 1 firſt filled the tube with ſpirit of 


nitre, then plunging the orifice of it in a veſſel of the ſame, I 
introduced a quantity of the air which J wiſhed to expoſe to it. 


Aſter this, putting my finger upon the orifice, I turned it up- 
ſide down, and applying to it the cloſed end of a glaſs tube, of 
about the ſame diameter, I ſealed it hermetically with a blow- 


pipe as expeditiouſly as I could. This is a neceffary i imper- 
fection in the experiment; but I know not how to remedy it, 


if any of the acid is to be left in the tube. However, the 


phlogiſticated air introduced in this manner from the atmo- 
| ſphere muſt have borne a very ſmall proportion to the air in 


7 3 5 the 
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the tube; and ſome objection will always remain to the expe= 
ment from the impurity of the air made uſe of. 
Having repeatedly obſerved, that the acid ov coloueh} 
in conſequence of being expoſed to heat in contact with any 
kind of air whatever, I expoſed at the ſame time, and i in the 
fame circumſtances, three equal quantities of the ſame colour- 
leſs ſpirit of nitre, in three nearly equal tubes, one containing 
dephlogiſticated, another phlogiſticated, and a third inflamma» 
ble ait; that, if there ſhould be any difference in the colouring; 
of the acid in theſe caſes, it might be the more eaſily per- 
ccived.. But though I gave all the attention that I could, I did: 
not-perceive that there was any difference, except what aroſe 
from ſome of the tubes being placed a little nearer the fire 
than the reſt; and, by changing their places, the colour was: 
"0 length the very ſame in them all. 
| As in theſe three caſes. I examined the air before and' after 
the proceſs, in the manner above mentioned, I ſhall juſt recite. 
the particulars” | 

Of the dephlogiſticated air r the ok ontitaingd before the pro- 
erſa 1.46.0. m. of the ſtandard of 0.67, and after the proceſs: 
it contained 1.76 oz. m. of the Randard of o. 77; a difference 
owing in part to the mixture of common air, which could not: 
be excluded in the ſealing of the tube, and in * to the air 
emitted from the acid not being "wn | 

Of the phlogiſticated air, the tube omit” 1. EY 02. m. 
and after the proceſs 1.9 5 oz. m. of the ſtandard of 1. 38. 

Of the inflammable air, the tube contained before the pro- 
ceſs 1. 52 Oz. m. and after the proceſs 1.9 oz. m. of the ſtan- 
dard of 1.8. They were all meaſured by a mixture of two. 
equal quantities-of Nitrous air. 


If 


— * ; | * as 
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If theſe reſults be examined 4s that of the firſt expatica: 
with common air, it will be found that, in all theſe proceſſes, 
chere was leſs phlogiſticated air, or inflammable air, after the 
proceſs than before; and this reſult being thus uniform, IT can- 
not help concluding, that this kind of air is in part decom- 
poſed, and purified by this means; fo that by this emiſſion of 
| dephloyiſticated air which the heat expels from the acid, ſome- 
ching, and probably phlogiſton, is at the ſame time imbibed 
from it; which proves that phlogiſticated air is no ſimple ſub- 
ſtance, but a compound, and that phlogiſton is one conſtituent 
part of it; for this acid acquires the ſame colour, and all the 
_ ame properties, by 2 to it Oy” thing that 1s  ſoppoſed to 
| contain phlogiſton. 
As the ſpirit of nitre can be een ſinoking, or phlogiſti- 
cated, by the mere expulſion of dephlogiſticated : air, it is evi- 
dent, that it contains two Principles 1 in cloſe affinity with each 
other, and that nothing is neceſſary to render either of them 
- conſpicuous beſides the abſence of the other. 
It is alſo natural to ſuppoſe, that, for the ſame reaſon that the 
dephlogiſticating principle (as it may be called) is expelled, the 
Pblogi Nicating prineiple ſhould enter; ſo that the purification of 
the air in contact with the acid may be a neceflary conſequence 
© of the expulſion of the pure air contained in it, the whole 
tending, as it were, to an equilibrium i in this reſpect. It is 
therefore by no means difficult to conceive, that phlogiſton 
ſhould be extracted from the contiguous air at the ſame time 
that the dephlogiſticated air nat pure (that is, containing a mix- 
ture of phlogiſticated air) is driven out of it; for the acid 
always containing phlogiſtion, whatever air is contained in it, 
and expelled from it, may neceſſarily contain phlogiſton or phlo- 
giſticated air; but the purer air may be emitted, and the 
leſs 
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leſs pure air be imbibed, till the whole come to be of the ſame 
quality. It may, however, perhaps follow from the emiſſion 
of impure dephlagiſticated air, and the imbibing of phlogiſti- 
cated air at the ſame time, that the former does not conſiſt of 
dephlogiſticated and phlogiſticated air looſely mixed, but of ſome 
intimate union of dephlogiſticated air with phlogiſton, though 
they may be ſeparated by a mixture of nitrous air, and other 
proceſſes, in the very ſame manner as dephlogiſticated air may 
be ſeparated from a looſe mixture of phlogiſticated air. 
It is evident from theſe experiments, that a red heat is not 
neceſſary to the converſion of nitrous acid into pure air, though 
this proceſs, as appeared by my former experiments, om 5 
this effect moſt quiekly and effectually. 
Ii cannot help conſidering the experiments above recited: to be 
favourable to the doctrine of the phlogiſton, and unfavourable 
to that of the decompoſition of water, though not deciſively 
_ Jo; for fince the red vapour of ſpirit of nitre unqueſtionably 
contains the fame principle that bas been termed phlogiſton, or 
the principal element in the conſtitution of inflammable air, 
and according to the antiphlogiſtians this is one conſtituent part 
of water, they muſt ſuppoſe, that the water in this acid is de- 
compoſed by a much more moderate heat than in. moſt other 
| (caſes, In general, I believe, they have thought a red beat to 
be neceſſary for this purpoſe. It is evident, that the converſion _ 
of water into ſteam by boiling, or by any heat that can be 
given to it under the ſtrongeſt preſſure, has no tendency what- 
ever to decompoſe it. But if the mere boiling of water in 
nitrous acid could produce this effect, I do not ſoewby the ſame 
ſhould not be the caſe when water alone is holed, 5 
I think it will alſo be more difficult to explain che bn. 
tion af the incumbent atmoſpherical air on the antiphlogiſtic 
Vor. LXXIX. Y | than 


as 
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than on the phlogiſtic hypotheſis, whatever be an conflitas 
tion ef phlogiſticated enn. 


As, in the experiments above nnd ibis ee liebe 
gives colour to the nitrous acid, and the reflection or refraction 
of light is always attended with heat, it may perhaps be beat 
univerſally that is the means of i imparting this colour, though 
the mode of its operation be at preſent unknown. And in theſe 


experiments, as well as the former, it is the vapour. that firſt 


receives: the colour, and imparts it to the liquid when it is 
Tofficiently cold to receive it. 70 E 


; tranſparent tube, quite cold, is a ſtriking phznomenon } in theſe 


experiments. It may be worth while to examine of what it is 


that this remarkable cloudineſs of the air conſiſts. There is 


the ſame appearance, as I have more than once obſerved; in 

the rapid production of any kind of air, which is Perfectiy 
tranſſ parent as it paſſes alon g the glaſs tube through which it is 
tranſmitted, till it comes into 923 with the water in = which 


it 15 received. 


p. 8. Not to — my communications on the fabject 0 of 


phlogi Non unneceſſarily, J would beg leave to obſerve, at the 
eloſe of this article (in reply to what has been objected to my 
former experiments, as being liable to exception from the 
phlogiſtieated air which could not be excluded from the de- 


phlogiſticated air when it was decompoſed by means of inflam- 


mable air) that J have found the proceſs I made uſe of to have 


no tendency whatever to decompoſe phlogiſticated air. Indeed, 


nothing that we have hitherto known concerning this kind of 
air could make it probable, that mere heat, in contact with 
dephlogiſticated or inflammable air, cauld have this effect. And 
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The ruſhing out of a quantity of turbid white airfrom a 
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it is of no conſequence whatever to fay, that any particular 
__ ſubſtance, imagined to be decompoſed, i 18 preſent | in a proceſs, 
unleſs it can be ſhewn that, in that proceſs, there are agents 
capable of decompoſing it. If mere hear (which is all that 
my proceſs requires) would decompoſe phlogiſticated air, and 
reduce it to nitrous acid, the tranſmiſfion of common air 
(which conſiſts of dephlogiſticated and phlogiſticated air) 
through a red hot tube would have this effect, which it is vrell 

known not to have. | | 
But what have aſſerted above i is a eonclaſon which I hive | 
drawn from comparing the decompoſition of dephlogiſticated | 
air by the two procefſes with nitrous and inflammable- air. 
That nitrous air, when mixed with dephlogiſticated air, has 
no tendency to produce phlogiſticated air, is evident from the 
almoſt total evaneſcence of both of them, when they are 
very pure, and mixed in due proportions ; ; and that nitrous air 
has no effect on phlogiſticated air is well known. If then the 
firing of dephlogiſticated and inflammable air had a tendency 
do decompoſe any portion of phlogiſticated air, which ſhould 
happen to be mixed with them, leſs would remain after the 
ficing of inflammable and i impure dephlogiſticated air than after 
mixing it with nitrous air; for as the impurities of dephlo- 
giſticated air conſiſt of phlogiſticated air, thoſe would diſap- 
Pear in a greater proportion in the former proceſs than in the - 
latter. But by many careful trials I find, that I can reduce 
any kind of dephlogiſticated air no farther by a mixture of in- 
flammable air than I can by nitrous air. When the propor- 
tions are well managed, the diminution is as nearly as pollible 
the ſame in both the caſes. 
I muſt obſerve, however, that it requires more nitrous air 
than inflammable air (from iron by ſteam) to produce this effect 
1 : 12 


" Y * ' 
15 ? 


extraordinary, that agitation prevents the greateſt diminution 
of dephlogiſticated and nitrous air. 1 have found it to * 25 


air is probably owing to the preſence of fo much phlogiſticated | 
air, which impedes the meeting of the nitrous air with the 
|  dephlogiſticated air in the mixture; becauſe I find the ſame to 
be the caſe when I mix the ſame proportion of inflammable 
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in the proportion of about 10 to 93 ſo that nitrous air does not 
contain quite ſo much phlogiſton as an equal bulk of * 


mable air, as I had before thought to be the cafe. 


In this Paper it will be obſerved, that I make the Jinks 
tion of common air by nitrous air to be conſiderably leſs than 
I have uſually done before. This has been the conſequence of 
giving the two kinds of air a little agitation at the inſtant” of 


mixing, which will generally make the diminution leſs by 


two tenths of a meaſure. 
mixtures of air, with and without agitation, have been w_ LL 


But I have found, that when theſe 


ſome time, they approach to an equality of bulk. 
At the ſame time I have obſerved, what I think not a little 


without agitation, and 6. with it. 75 i 110 
The leſs diminution of the mixture of nitrous MY common 


air with dephlogiſticared air; and when dephlogiſticated air is 
agitated with nitrous air, the water may vg their n as 


the phlogiſticated air did before. 


There is, therefore, no ſource of the nitrous 105 which 'H 


find on the decompoſition of dephlogiſticated and inflammable 


air, beſides the union of thoſe two kinds of air, which there» 
fore do not make mere water, as the antiphlogiſtians ſuppoſe. 
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XII. Obſervations an 4 Comet. Þ a | Letter from William 
Herſchel, LL. D. * R. S. to Sir Joſeph , Bart. 
P. R. S. | 


Sas x. ms... 


SIR, : © = f Slough, March 3, 1789. 


HE laſt time I was in town, you expreſſed a with to ſee 
my obſervations on the comet which my ſiſter, Cazo- 
LINE diſcovered in the evening of the 21ſt of laſt 

December, not far from G Lyræ. 


As ſhe immediately acquainted the Rev. Dr. 5 


and ſeveral other gentlemen, with her diſcovery; the comet- 
was obſerved by many of them. The Aſtronomer Royal, in 
particular, having, I find, . a very good ſet of valuable 
obſervations on its path, it will be ſufficient if I communicate 
only thoſe particulars which relate to its firſt appearance, and 
a few other circumſtances that may perhaps deſerve to be 
December 21, 1788, about 8 o'clock, I viewed the comet 
which my ſiſter had a little while before pointed out to me with 
ber ſmall Newtonian fiveeper. In my inſtrument, which was a 
ten-feet reflector, it had the appearance of a conſiderably 
bright nebula; of an irregular, round form; very gradually 


brighter in the middle; and about five or ſix minutes in dia- 


meter. The ſituation was low, and not n proper for inſtru- 


ments with ** powers. 
2 December 
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December 22, about half after five o'clock in the — Y 
y 


I viewed it again, and perceived that it had moved apparen 

in a direction towards s Lyre, or thereabout. I had been en- 

gaged all night with the twenty-feet inſtrument, fo that there 

had been no leiſure to prepare my apparatus for taking the 

place of the comet; but in the evening of the ſame day, 1 
took its ſituation three times, as follows: 


2 h. 


4 


. 22 | | 41 
1 Dec. 22. at 23 42 19 


| at 2 3 49 2 
| Difference 


at 23-42 $3 
at 23 59 Ld 


% 
1 . . * 
: Py —_ "_— 


| Difference 


XA 35 


at 0 13 40 


Diff rence 


3 6 


the comet paſſed, 
5 Lyræ paſſed, 


2 


* For this mall ſtar 80 my Catalogue of Double Stars, in the Philoſophical 
| Tranſactions for the year 1782, Part I. Claſs V. Star 3. where its diſtance and 
| poſition are given, and conſequently its parallel may be found, 
i 


fidereal time, the comet paſſed the wire, 


2 Lyrz paſſed the ſame, 


very accu rate. 


the comet = 
E Lyræ paſſed, 


accu r ate. 


very accurate. 


I found in every „ the ſmall ſtar which accompa- 
nies 8 Lyrz*, exactly in the parallel of the comet. 

Theſe tranſits were taken with a ten- feet reflector; and the 

difference in right aſcenſion, I ſhould ſuppoſe, may be de- 

| pended upon to within a ſecond of time, The determination 
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alſo of the parallel can hardly err ſo much 2 as fift oo 
2 degree. s fifteen ſeconds of 
* | > 14,0 evenings ende I viewed the comet 
3 — powers as its diluted light would permit, but 
fiogle ſeco - s 7 any ſort of nucleus, which, had it been a 
OT „ I think, could not well have eſcaped 
888 5 | nce ſeems to be of ſome conſequence to 
NT m thoughts on the inveſtigation of the na- 
eee, Ag 45 3 as I have alſo formerly made the 
"i «tw e of the comets diſcovered by M. Mecn ain 
"Rae ag "4 one of my fiſter's in 1786, and one of Mr. 
nucleus could Rag — ho — of which any defined, ſolid 


1 have the honour to remain, * 


WILLIAM HERSCHEL. 
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TV . ect 1 Ats of the 4 3 n. 
8 >. one from: Baron Reichel 70 Sir Joſeph Banks, Bartz. 
and the other from Mr. James Anderſon to Baron: * 


| Communicated by. Sir herb Banks, Bart. P. K. S 


| Read April 30, 1785 


10 SIR Jbsxrn Bars, BART: 


F1'R;. Fort st. George, Feb, 28, 1788. 


ü HAVE the pleaſure: to tranſmit to you the portes of a 
Gentoo boy, an aſtoniſhing living ſubject, who being {: ſent to 
me by a friend of mine reſiding in the environs of the native 
place of the boy, L made two drawings reprefenting the alter- 
nate attitudes in which he can place half the body of his little 

brother, who adheres to his breaſt. See Tab. II. PR RUN TALOO is 
a handſome well-made lad, poſſeſſing every due faculty of mind 
and body, rather: more ſagacious, and with a ſuperior ſhare of un-- 
derſtanding, that young men in general of his age. In addition 
to the incloſed anatomical deſcription of the boy by Mr. Ax- 
RERSON, you will obſerve in the drawings two circular dotted: 
lines, about the lower part of the loins of the ſemi-monſter. 
During the ſeveral fittings Ihadof PERUNTALOO, I obſerved an 
internal motion about theſe parts rather more conſpicuous than 
any other of the body; and upon queſtioning. the youth, he 
ſhewed me, that by retaining his breath, he could force a. 
current of a air into them, ſo as to ſwell the parts like two blown- - 
up bladders, with a rumbling noiſe at the time of action. Whe- 


ther there is a connection with the lungs of PERUNTALOO is 
Vox. LXIIX. A a queſtion 
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"i cada 1 cannot venture to determine; 215 — — N 

© however, thinks it well worth * mentioning this obſerva- 
ton. The erection of the little * penis in the ſemi- monſter, 


and the command PzRUNTALOO has of diſcharging the urine I ; 
| Gough it, are perfectly aſcertained.” 


4 Such as this ſubject i is, if with any merit, you may depen 
RR von the correQueſs c of the n 
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To BakxO REICHEL. | 


1 | | oy a s 1 x. Fort St. . George, Feb. 25, 17788. | 


. As. you mean to ſend the elegant drawing of PERUNTAL0O 
i" _ to, Sir Josxyn BANKS, you may acquaint him from me, that the 
little brother is ſuſpended by the os pubis; an elongation of 
the ſword-like cartilage of PERUNTAL00' having anaſtomoſed 
with that bone at the ſymphyſis. 
The lower orifice of the ſtomach ſeems to lie 3 in the ſac or 
cylindrical cavity between the two brothers on the right · ſide, 
and what may be reckoned the right hy pochondre of the little 
one, as that part is tumid and full after eating. : 
8 alimentary canal muſt be common to both, as the anus 
of the little one is imperforate. . 5 
There is a bladder of urine diſtinctly perceived, which occu- 
bY the left title of the * or left b A of the 
onſter. 
8 ges- which, there remain only the Liens; offa inno- 
1m, 22. lower extremities perfect. 
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2 Minſter of the Jan i Haie. 2 * "+2 
Praun Alo ſays he has as complete a ſenſe of feeling with:  * 
every part of the body of his little brother as of his own pro- 
per body, and this may account for the erections you ſaw, and 
making water diſtinctly; but this volition does not extend to 
the legs or feet, which are cold in compariſon with the reſt; 


% 


I am, &c- 


' JAMES ANDERSON. 


EXPLANATION OF THE PLATE. 


PEzRUNTAL00, ſon of CHINDRAHPAH-NAYANDOo, of the 
Gentoo Caſt. He was born at Popelpahdoo, 70 miles weſt. 
from Muſilipatnam. He is 13 Jears of age, and meaſures 
4 feet 64 inches in height. 285 7 

Fig. 1. Natural poſition. - CFR, 

Fig. 2. Reverſed poſition. . 
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| RV. A ſupplementary Latter on the Identity of the Species of the 
Dog, Wolf, and Jackal; from John Hunter, Ef. F. R. C. 
addreſſed to Sir Joſeph Banks, Bart. P. R. S. 


Read April 30, 1789. 


£18, 


N the year 1 787 I had the honout of peeſcatingds this learned 
J Society, a Paper to prove the Wolf, the Jackal, and the Dog to 
be of the ſame ſpecies. But as the complete proof of the Wolf 
being a Dog, which conſiſted i in the half-bred puppy breeding 
again, had not been under my own inſpection, although ſuffi- 

ciently well authenticated, I ſaved a female of one of the half- 
bred puppies, mentioned in that Paper, in hopes of being my- 
ſelf a witneſs of the fact; but when the period of impregna- 
tion arrived, ws unluckily miſſed that opportunity. However, 
another half-bred puppy has had young, which is equally 
fatis factory to me as if my own had bred. JoHN SYMMoONs, 
Eſq. of Milbank, has had a female Wolf in his poſſeſſion for ſome 
time, who was lined by a Dog, and brought forth ſeveral pup- 
pies, which I had the honour of ſeeing with you. This was a 
very ſhort time after the brood had been produced by Mr. 
GougGa's Wolf, the ſubject of my former Paper, therefore the 
puppies were nearly of an age with mine. Theſe puppies Mr. 
SY MMoNs' has reared; only one of them was a female, and ſhe 
bad much more of the mother or Wolf in her than any of 
- | the 


Mr. HoxTzs's ſupplementary Letter. 161 
the reſt of the ſame litter. I communicated my wiſh to Mr. 
SYMMONs, that either his puppy or mine ſhould prove the fact 
to our own knowledge ; ; which he immediately, with great rea- 
dineſs, acceded to. On the 16th, 17th, and 18th of Decem- 
ber, 1788, this bitch was lined by a Dog, and on the 18th of 
February ſhe brought eight puppies, all of which ſhe now 
rears. If we reckon from the 16th of December, ſhe went 
ſixty- four days; but if we reckon from the 17th, the mean 
time, then it is ſixty- three days, the uſual time for a bitch to 
go with pup. Theſe puppies are the ſecond remove from the 
Wolf and Dog, ſimilar to that given by my Lord CL AxBRAS“ 
si to the Earl of PRMBROR E, which bred again. (See Philoſo- 
phical Tranſactions, Vol. LXXVII. p. 255.) It would have 
proved the fame fact if ſhe had been lined by either a Wolf, a 
Dog, or one of the males of her own litter. 
A may juſt remark here, that the Wolf ſeems to have only one 
time in the year for 1 impregnation natural to her, and that is in the 
month of December; for every time Mr. Govon's Wolf has been 
in heat was in this month, and it proves to be the ſame month in 
which Mr. SyMMons's Wolf was in heat; for his half-bred 
Wolf is nearly of the ſame age with mine, and the time ſhe 
was in heat was alſo the ſame with that of her own mother, 
and the preſent brood „ in time with the brood of 


Mr, Goucn's Wolf. 


I am, &c. 


JOHN HUNTER. 
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ter, and Rain, at Lyndon in Rutland; by Thomas Barker, 


Read April 30, 1789. 


1788. 


Barometer. 


Thermometer, 


Eg. Alſo of the Rain in Hampſhire and Surrey. 
nicated by Thomas White, Eg. F. R. S. 


Commu- | 


= 1 Ts Tn the © Houſe, 2 Abroad. --- 3 | 
. ? LuyndonS. 
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My. Bak 8 e Nag: _ 88 163 
THE year began open and mild, at firſt ſhowery, afterward 
drier and ſtormy. The chief part of F ebruary was wet, but 
more ſo for frequency than quantity. After a few miſty days 
there came in March above a fortnight's ſharp froſt, the longeſt. 
this winter, and with ſevere eaſt winds cut things more than 
all the winter before, which was in general an open one. 
The laſt twelve or thirteen days of March the ſpring ſet in 
| pleaſant, and continued forwarding all April, and proved a 
very dry ſpring. There were at times this year fits of ex- 
ceeding hot weather, the end of April, the fourth week in 
May, the third in June, and ſecond in July; but ſo much 
windy weather, with hot ſun and cold winds, that bees which 
were forward the beginning of May, and ſome few ſwarms ſo 
early, ſeemed backwarder again at the end of the month. The 
graſs was every where ſhort, and began to burn ; but a fine 


| rain at the end of May ſtrengthened the grain very much, and 


made the graſs grow in ſome degree; but it ſoon began to burn 
again in adry June, with almoſt conſtant north and north-eaſt 
winds, ſo that the paſture was ſhort, and very little hay. 
The end of June, and two-thirds of July, were very frequent 
ſhowers and wind. There were in ſome parts of England very 
heavy thunder-ſtorms, and more rain than they wiſhed for in 
hay-time. The ſhowers were light here; they made the grain 
ear well, peaſe and beans ſet thick, and brought the turnips 
paſt the fly. The graſs alſo grew in ſome degree, but burnt 
again before July was out, and more in Auguſt, of which the | 
firſt ten days were dry ; but the ſhowery latter part made the 
graſs grow conſiderably, which was much wanted, and did not 
much hinder the harveſt, which was in general well got, and 
was good. The autumn was very fine, and ſo much rain in 
one month, eſpecially the third week in September, that there 
5 Was 
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rently ſound ground on the north fide of a moderate hill, a 
mile and half ſouth-weſt from Ketton in Rutland, ſunk down 
into the earth, leaving a great hollow. The ground was 


was more graſs after that than there had been any part of the 


ſummer before, though not ſuch quantities as there ſometimes. 


is; for, take the year throughout, I think I never knew leſs. 
But that was not the caſe in all parts of England: I believe it 
was in general a dry ſummer every where; but in ſome places 
there was a great deal of graſs at times. So great a fruit year 
of moſt ſorts, garden, orchard, and wild, I think, J hardly 
ever knew. After the firſt week in October it was dry again, 
and fo fine, mild, and clear of froſts, that the naſturtiums 
were not cut off till after the middle of November; and the 
ground and roads continued dry till the ſnow at Chriſtmas, and 


there was in many places great want of water ſo late in the 


year. Moſt part of the laſt week in November, and the firſt 


third part of December, was a gentle froſt; but then it ſet 
in very ſevere, and, except an imperfe& thaw the 24th and 
25th, has been an uncommonly cold and hard froſt, freezing 


over many of the rivers, with a conſiderable ſnow at times, 


chiefly the 26th and 27th, and continued to the end of the 


year, any * it. 


Account 9 a finking-in of the ground. 
In a wet ſeaſon, about Chriſtmas 1787, a piece of appa- 


ſmooth before, and a waggon had lately gone over the place. 
There was nobody by when it fell in; but a labourer going 
home from his work was the firſt nerſon who- found it. _ 

It was ſome time after the accident before 1 heard of it, and 


it 


% 
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it was in ſpring time that I went to ſee it. I then found it 

to be an oval hole, five yards over one way, and four another, 

and about four yards deep in the middle; but ſome of the 
earth having lodged againſt the ſides of the pit, it was not ſo 
deep there; yet the oval muſt upon the whole have ſunk down 
about three yards, and gone directly downward, for the ſides of 
the pit are left perpendicular. I found a little water at the 
bottom of the pit, and was told there had been a great deal 
more at firſt. The bottom half of the pit is a blue clay, and 
from a foot to a yard thick at the top is a ſtiff earth mixed 
with ſtones. There were plain ſigns that a drain from the 
ground above had in wet times run down near where tlie pit 

now is; ſome of it probably ran into and under the ground, "0 

and had, m a courſe of time, undermined it; and that ſeems 

to have been the reaſon that the pit ſunk in as it has done. 

A man of Ketton, who has freeſtone pits in the ſame lord- 
ſhip, but on the oppoſite fide of the town, ſays, he ſometimes 
meets with beds of clay in his pits, which are undermined, 
and have hollows in them. And to the northward of theſe 
one pits there are many hollows, which they .call the Swal- 
low-pits; becauſe, being hollow underneath, no water will lie 

in them, but runs through holes into the ground. Theſe 
ſwallow-pits I know, and they ſeem to be clay at top; and he 
ſays, they do not appear to have been ever dug by men, but 
that the ſurface of the ground has ſunk down into the hollow - 
there was beneath it. 
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5 XVII. On the Method of raed p ale, Kc. By Edward 


Waring, M. D. F. R. S. and Lucaſian Profe . of the Ma- : 
| thematics at Cambridge. 


Read May 28, 1 789. 

- Fo 
1 the year 1565 1 publiſhed a method of finding when 
two roots of a given equation x* = px" + 2 = rat + 
&c.=0 are equal, by finding the common diviſors of the two 


quantities a* — - pa +44 —&c., and 14 —n= ip == 


1 2903 &c., and obſerved if they admitted only one fi . 
diviſor (a -, then two roots were only equal; if a quadratic 


(4 — Aa+B), then two roots of the equation became twice 


equal; if a cubic («* A + Ba — -O, then two roots became 
thrice equal; and ſo on: or, to expreſs in more general terms 
what follows from the ſame principles, if the common diviſor 


be = xa-Cxa- = d. x &c., then 41 roots of the given 


equation will be 5, S+1 roots will be c, 41 will be 4, &c.; 


and it immediately follows, from the principles delivered in 
the ſecond edition of the ſame Book, publiſhed in 1770, that 
to find when r +1, V+1, *+1, &c. roots are reſpectively equal 
requires 7 +5 +7, &c. equations of condition, which are dedu- 
cible from the well known method of finding the common 
diviſors of two quantities in this caſe of 4 — pa"? + g — &c., 
na 1 = 1pa* 293 & c. of the terms of their 
remainders, &c. 


In 


Dr. WarinG on "the Merhaa, VC. | 165 | 


In the book above mentioned the equations of condition are 
given, which diſcover when two roots are 17 7 in the equations 
* Pr +gx -7=0, X Ter NT =, x* T rr T = 
2, in the two latter equations the ſecond term is wanting, 
which may eaſily be exterminated ; but it may as eaſily be 
reſtored by ſubſtituting for 9, r, 5, &c. in the equation of 
condition found the quantities reſulting from the common 
transformation of equations to deſtroy the ſecond term. 
2. Another rule contained in the ſame Book is the ſubſtitu- 


tion of the roots of the equation na”? . 1 — 2043 
— &c.=0 reſpectively for a in the quantity a" = pa" + ga — 
&c., and multiplication of all the quantities reſulting i into each 
other; - their content will give the equation of condition, when 
two roots are equal. 

Mr. Hoppe firſt diſcovered, that if the ſubtellive terms of 
the given equation are multiplied into an arithmetical ſeries, 
the reſulting equation will contain one of any two equal roots, 


and m of the m+ I equal roots in the given equation. 


3. If 3, 4. 5. - roots of the equation are equal, find 
a common diviſor of 3, 4, 5. « 7 of the ſubſequent quantities 


Pp + qa" &c., nat — 121 1 1p. 1 2748 — &c., 


1 „ 1 — 14 221. 72 2543 1 2 1374 —1— 3 


n= 4745 +&c., 4. 11 . 1 243 — 2 — I 1 2 52 30˙³t. 


— 


＋ 2 — 2. 12 3 . 2 — 4995 = Nes „ I 7 


1 TA 72 17 Tpat Ge,; which 
will probably be - beſt done by dividing all the preceding 
quantities by the quantity of the leaſt dimenſion of a, and the 
diviſor and all the remainders by that quantity which has the 
leaſt dimenſions amongſt them; and ſo on: there will reſult 
2, 35 4 i] equations of condition; and in this caſe it 1s 


2 © obſerved, 


£ - x = 
N 8 2 * 
» wag * * 3 — 
3 — —— ̃ ö6wwtLw 
— - * 2 


* Dr. = Fog on the 


| obſerved, in the Wie mat Book, that : Gf the common 


diviſor be (a - A)) it will once only admit of 3, 4, 5. . r equat 
roots; if it be a quadratic, then it will twice nn of thoſe 


equal roots ; and ſo on. 


4. If the roots of the equation of the leaſt — be- 
ſubſtituted for à in the remaining equations, and each of the 
reſulting values of the ſame equation be multiplied into each 
other, there will reſult the 7 - 1 equations of condition: and 
the ſame may be deduced alſo from the ſeveral | equations con- 


Jointly. 


The equations of conditions found 1 the firſt method, if 
the diviſions were not properly inſtituted, may admit of more- 


rational diviſors than neceſſary, of which ſome are the equations 


of conditions required. 


2. 


1. In the year 1776, J publiſhed in the Meditationes Ana- 
lyticæ a new method of differences for the reſolution of the 
following problem. 1 ie 
| Given the ſums of a Gwiftly converging ſeries ar A bæ- + cx* 
+ dx* + &c., when the values of are reſpectively Ty pr c, &c.; 
to find the ſum of the ſeries when x is 7, that is, given 
Sr = an + b Ter dr +&c,. Sp = ap + by +cp* + &c., So = 
as + 50. + co* + &c. &c.; to find Sr = ar br* + cr* +&c. 

To reſolve this problem I multiplied the quantities, ST, Sp, 


So, &c. reſpectively into unknown co-efficients a, (3, y, &Cc, 


and there reſulted. 


- 


Method of correſpondent Values, &c. _ 


| ; axa+ and Kan A &c. 

be ES Bpa + Bp*b + HD &. 

_— | 7 ＋ 7 bye Cc ＋& c. 
. . 


and then made the ſum of each of the terms reſpectively equal 
to its correſpondent term of the quantity ra+ = c+&c., 
and 3 r + Bp +90 + &c. r, ar + +y0* +&c. 
Sr, an TD ＋ 5e +&c. r, &c. 1 aſſumed as many equa- 
tions of this kind as there were given values T, e, c, &c. of x; 
and conſequently as many equations reſulted as unknown 
quantities a, G, 9, &c.; whence, by the common reſolution of 
ſimple equations, or more eaſily from differences, can be found 
the unknown quantities , , y, &c., and thence the equation | 
ſought 0% N Sr +6 * Ig +79 x Oo + Kc. = = Sr nearly. 

3. In the Meditationes are aſſumed for T 6, 0, &c. the 


quantities p, 2p, 35, 4p. 1 25, 1 115, and 8 for T5 
which, if ſubſtituted for their values in the preceding equa- 


tions, will give a +26 + 3y +45+&c.=n, 4448 97 + 163+] 
&c, n, 88 ＋ 277 + &c. 2, 44 1681817 &c. ; 
and if the ſums of the ſeries ax + bx* + cæ ＋&c. which re- 


ſpectively correſpond to the values p, 2þ, 30, —. 2 —1 115 of x be 


81, 52, S3, S4, . . . 8 1, and the ſum of the ſeries ax + bx* + 
cr T&c. which correſponds to # value of x be Sn; then will 


ON = 185 11 2 85 3 . . ESO 3. 281 


nearly, which equation is given in the above- mentioned Book. 
3. The logarithm from the number, the arc from the ſine, 
&c. are found by ſerieſes of the formula ax + E + cx +&c. 3 - 
and conſequently this equation 18 applicable to them. 
6 4. In 


© 

— - 

x \ ju : 
# X 


25 5 1 1— 2 


21 on * 


(AL 


l. In the ſame Book i is aſſumed a ſeries ar . cl 


de r + &c. of a more general formula than the preceding, 
and in it for x ſubſtituted &, O, y, 3, &., m; and Sa, SB, Sy, 
Sd, &c; Sm for the reſulting ſums, and thence deduced 


m *g. . K. 


Gab an 1 4in x me —S . — . 1 . &c, 
rr efxd- 8; fv 4. „ Fr e &. 
x 88+ x m'— _— «mM . . 28 +2 1 * N . X &C, 


x SJ + &c. 9 


Cor. If for r and 5 te aſſumed reſpectirely I, the feries be- 


comes ax + bx + cx* +&c. of the ſame formula as the pre- 


ceding : if = and 5=1, the ſeries becomes a+bx+cx* + 
&c. The latter caſe will be the ſame as the former, when one 


of the quantities (a) ſubſtituted for æ and its correſpondent 
| ſum Sa, both become So, and the equation deduced 1 in both 
caſes the ſame. 


8˙ If - Ty p, c, &c. e denote r, 7+ "Y „2b. 2 


1 ＋ 2p, r+1— 1p, and rab; and 8, 81, Sa, 83. 3 
Sn — 2 2, N, be the ſums either reſulting, from the ſeries. 
ax +bx* Ter +&c. or the ſeries A+ax+bs* + ca? + &C., which 


reſpectively correſpond to the values 7, ＋ p, 1 25, &c. of 


; and Sn the ſum of the ſame ſeries which correſponds to the 


value r+ 1 of 42 then will Sn=nSn—1 I =7 Ny sn 2 +1. 


Sa bo fra 4 . ET Sa ha nearly; . this 


I 
equation differs from the preceding by the laſt term S not va- 
niſhing; in the preceding caſe 8 became =o, for it was the 


ſum of the ſeries as b Tc +&c,, which correſponded to 


EE o. 


6. From 


. 9 p 
= * 
} 


' oe 
171 


id 97 


ts debe 0 corre NS. mg fie, cc. 
6. From the Meditationes it appears, chat jm n f "= 


WH. —r= 


2 


2 3 


ſeries =o, if is lefs than u, and m and » are whole nut- 


— — 


whence it is manifeſt, that for the = firſt terms of the ſeries 


wt os wo : 
8 — —_} i x pp xo x oo-efficient. of 
& 1 L 


the term * if for 7 7 3 &c. be ſubſtituted I, 


1+2 , 1+?, Kc. 


7 Let the preceding equation Sn = 187 —1 8 = 187 gg 


4x23 . 87 * Ke. = n x 10g. FF. 


2 1 2 


log. FE... —> log. = +. log. 


2 3 


rxr—2p 2 C122 "4 "X&c. log K. 3 4, , inf a .. * 
7 39 X* 7 5p X &c. 
note the co-efficients of the alternate terms 15 ” binomial 


no]  m—& 

theorem, VIZ. „„ C28 and 
2 2 3 

n, Fast 27 . = &c. the co-efficients of the remain- 


ing alternate terms; the numerator 7 x 7 — 2þ * — ry x | 


p Ty x XC. = (if | N= 21) 1 —Ppr + Ol RB 5 
RL 1 - and the denominator 


rf * F- xr=5Þ x &c. = 1" PP + QD — 


Re Rp 


þ - . DFE "+ &c. to the end of the 


bers; but if mn, then it will - . 2. 3. 4 1. % 


A+ax+bx*+&c. the equations are true; and for the 2 1 
firſt terms of the ſeries 4 ax T + cr + &c. and | in the ſucceſſive 


term of both the ſerieſes they will err by a quantity nearly 
= =1 . 2. 3. . „* x 7" x co efficient of the term; and the 


errors of every ſubſequent term (%) will be nearly as 


n—1 


N * * TW.” nn ef TY rr * rn e CY * r * . » % 
| __ . a ty TT * * o * N 2 8 . A 77 1 * p- Oo 0 a ue” N 1 * * 9 * 4 "4 > U 4 PF. a. * J 7 | \ * 4 © { - 4 

4 : +1 7 * n Pr * 0 5 'F \ i" 8 N * wa ad 3 PE - F * 4 | hy * v * „ * . : " 
l * F ny 9 1 „ 4 N o l * _ * 1 = * 7 5 
8 2 . 5 

4 % = 

* P » L . 
* E x — N A, 1 
* 2 | 
YZ L _—_ 
1 DN » 
* 

| Lp 


&c., * the numerator ww PROS have che 1 "a 
| Eros the fame, and the next ſucceeding terms differ by 


7:4, 3. 2—1 ; ; the numerator divided by the denomi- 
1. — ER 2 No 


nator = 14 


= #* nearly, if r be a great number in 


proportion to p. Ke. it would be + when. 7 is an x odd number, 
and = when even. 


8. The logarithm of the fraction K by the common ſeries 


5 2 — &c. has for its firſt term = == 


3 
2 2 : 3 YEW ” X 7 nearly; for its ſecond term the ſquare of 


_ the firſt divided by 2, &c. 


9. The error of this equation not only depends on n the loga- 
rithm of K, which may be calculated to any degree of exact- 
neſs, but in the calculus on the errors of the given loga- 
rithms. 

10. If 7 be wes: or diminiſhed by any given number, 
the u firſt terms of the numerator and denominator will ſtill 
reſult the ſame, and the next ſucceeding terms will differ by 

1. 2.3 4. . 1. 1 


11. Let 3 numbers be 2, 2. = 3 = num- 
4 3 * - 
DP. 1 13 14 1 — 5 
| | — — . — .— xz — NU 0 
bers ® 4, 1. — : * mbers be 6, &c.; 


their ſum, the ſum of the products of every two, the con- 
tents of every three, four, five, &c. to n- of them will be 
equal to the ſum, the ſum of the products of every two, of 


the contents of every three, four, five, &c. to n— 1 of the 


321 #— 2 


numbers 


following numbers, viz, n numbers which are 1, 2. 


N * 6 g Y * + * 4 $ ; * R * — » . 4 —# NE n \ 
o + * \ 2 "7 Lan } =. 7 * ao * 4 27 4 N N 5 * * 4 * m — Y 8 . _ 
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1 d 5 ; 
oy = ; 
p ; ! 
— * 3 
— # : 
8 = 
. 
1 © \ 
by = , 
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» = P 


dombers which ane 3, /n e rays EA 2 which are 


5, c.; and the fum of the contents of © every # of the former 
will de leſs than the ſum of the contents of * latter 


numbers by 1. 2. 3. 4.1. 
12. The method given in Art. 4. which I name a method of 
correſpondent values, eaſily deduces and demonſtrates the og 
ceding equations, which cannot, without much difficulty, be 3 
done by the precedin g method of differences; the method of 


correſpondent values is much preferable to the method of dif- 


ferences, both for the facility of its deduction, and the gene- 
rality of its reſolution : for inſtance, from this method very 
eafily can be deduced, &c. the fubſequent and other ſimilar 
equations. 


TT: 5. 


. 


Ex. I. 85-5851 17.25 rw 


218 I = 8 nearly. 


Ex. 2. S. —— a — — * Sn = 2 1 


3 3 


A 212 — * n. 


73875 EN * 


2 
— Sn — += * D * = + x 8 oy 1 where the 


letters A, B, "oo D, &c. denote the preceding co- efficients, and 
the converging ſeries is the ſame as in the preceding example. 
Ex. 3. Let the converging ſeries be of the formula ar + bu". 


er +ds" + &c.; then will Sn = 2 2 8 1 — 2 T 
2n—4 a7 2n—2 _ 2n—6 a Ee * mo : 2n—2 5 
- On 2 ＋ 28 x08 : x _ — M-3 27 1. a 


— x —ĩ 85 1= 4+&c. nearly, of which the general term is 


J J BY — — * 
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N 4 e Le the ſeries be of the farmula Aae a 40+ 


2n—4 
r ee * = „ 


7834 123 Em ty 2 — 14 1-6 1 


. 
— dt —4＋ ihe. howdy; of which: the general 


— _ 
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Ow. 8 £1 FE =Y TY \ 
terin is ES bye e 27 855 7. 

N is 11 | 3 F'Y '® j 3 wen 1 a 3 
Ex. f. Let the given ſeries be of the formula 2 het os? 


＋&c., and in it for x be ſubſtituted p. pP, 2p, = 25, 30, = 35, 
„ ub, — up and mp, and for the ſums of the reſulting ſe- 
rieſes be wrote reſpectively 81, 8, St, S * e. .S. 
=, and Sm; then will Sm = © 


þ 
( "Ml ; 1 


m.m—1i.m ® PTS m 9 7 Mm 


— — — — — * 


1. 1 1. * 4. 19 115 7 —1—1 xa 34. 25 
0 


— 


x S ＋＋ A —Cx- N 3 x. 
5 1-11 
OY „ES — ws tf * 


/ = 1 n 
the letters A, B, E. D, &c. depecheely PENS bi 2 
co · efficients. In general, the co-efficients of the terms S*. 


and 8— will be reſpedtively U- I Lx 


M x. m+ 1 , where the letters L and M WIPES denote their 


mn 1— ; | 
preceding co-efivients; 3 the co-efficients are to be taken affirma- | 
tively, or negatively, according as 5 is an even or odd number. 


Ex. 6. If for æ in the preceding ſeries be ſubſtituted p, p- | 
25, = 25 3Þ> = 3311p, == - IP, "f py; then - 


Sm 


TS. 
3 55 


eee lere Pikes, . e 
8. 2 e 1 — 88 1 
13 e * . ry 
= 2 4. Þ 1 "of 
Ln n | cs pag B x e e n 


829 + 22—2 „bse * I=2 Ke. nearly, when A, B, C, 


— _— — 2 
&. denote as. before the preceding coefficients. The coeffici- 
_ ents of the terms S = and 8 — will be reſpecively L x 


. nav 2.9 nd - —. Ws M L and M denoting the pre: 


1 e 

ceding 8 which are to be taken negatively or affir- 
matively, as s is an even or an odd number. In this ſeries when 
x=0, the correſpondent ſum . 

Ex. 7. Let the given ſeries be of the erduls bee + 
gx + &c.; b and in it for x be ſubſtituted o, p, —P. 25, — 25, 35, 
35 . nþ, pp and mp, and for the ſums of the reſulting ſe- 
rieſes be wrote as before 8˙, S., 8, 8s, ooh «++ O), = and 


S= , then will Sm =" nf—1 — De — r j 
1 11 2 —4 2—9 (2 — 3 —1 ) x 2n | 


l 8 Bx. e. this forien 


mn 1 2 m+n—1 
2 the ſame law as the ſeries given in Ex. 5. and only 
differs from it * the laſt term So not vaniſhing, that is, 
being = o. 
Ex. 8. Let the ſeries be of the preceding formula 1484+ 
ex + dx ＋ &., arch in it for x be ſubſtituted o; p. =þ3 25. 


— 25; 3Þ, 303 . 2 115, —#— 19, 2 and mp, and the 
ſums reſulting be So, St, . 8 . S1 . 8˙ and 8 


1 


— — — 
then will Sm I++: —— (n= . —1 58. & x 3 ðK*⁵ 
N 4 2 ů· 1 m+ta—l. 


S—*+r — &c. the ſame ſeries as in Ex. 6. and differs from 1 it only 
by the laſt term So not vaniſhing. 
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7 4 / . - X - , 7 \ : \ «7 X . c \ 
* Y | £7 9 3 $ NS Gy - 22 * 
a . 5 ; us ; | 
— / "> , b 2 — % a 


= contend E 4 0 * — KYY 

En. 9. Let the ſerjes be of the ſame ſormulaa. 4 bx K xa +de+ | 
ee. and in it for x be ſubſtituted p, P, 35, = 35, 5Þ» = 5p, 7Þ» | 
| = 7, . nþ, = np and mp; and the ſums reſulting be S 1 
3, Ss, s, 87, 9 , and 87; then will F'= 3 


— ü—ẽ— 


21 9 . — —1=2 — 


; 


2 — 1 s. 5 . e X21Z=2"XIe+ 2. Zo 4875 A 


—— — . n=2x 
4 


8— 5 "ag N the 2 A, B. C, D, E, &c. 
denote the preceding co-efficients of the terms 8, - 
8, 94, 8, $5, &c. ref] pectively. The — 


of the terms 9 and [and will be Mann «L x] 


Lata and N=M x ee; where L, M, and N denote 


mn mA - 22 
the co-efficients of the terms immediately preceding each other, 
that is, of the terms 8— , . and S. The ſign 
of the firſt co- efficient M will be + or „according as 4 is 
even or odd; the ſecond term N will have a contrary ſign to 
the firſt. 
| Theſe ſeries may ; be 3 to begin from any term, which . 
may be eaſily found by the method of correſpondent values, 
and the ſubſequent terms from it by the given law; its pre- 
ceding terms may be deduced from the ſame law reverſed, that 
It! is, by putting the numerators of the fractions multiplied into 
e it for the denominators, and the denominators for the nume- 
3: 1 38 rators. | 
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£ 1 Nn, . 17 
From theſe different ferieſes may be formed, by adding two or 
more terms of the given ſeries together for a term of the re- 
quired ſeries; which method has been applied to . 
ſeries in general in the Meditationes. 
13. The method of correſpondent values eaſily affords a reſo- 
lution of the problems contained in Mr. Bz166's or Sir Isaac 
Nxwrox's method of differences. | 
Ex. 1. Let the quantity be of the formula a+ bx + ext + ax 
+&c.., * h, and #+1 correſpondent values of x and y be 
given, VIZ, iz. p. Qs 7, 5, &c. of x; Sp, Se Sg, Sr, Ss, Kc. dey ”; then 
2 2. * 7 4 . &c. 277 4 r. 4«— 
willy _ 1 FE. e ** 


— —— — — — = 


X—þp.X#—q.X—Y . &c. 1 Ss + Ke. 


—_— «34D — — 


D . &c. 2211 c. 
The truth of this problem very eaſily appears by writing 
5. 9. 7, 5, &c. for x in the given ſeries. 
All the preceding examples may be applied to this caſe, by 
writing æ for m in the given ſeries; hence the reſolutions of 
ſeveral caſes of equi - diſtant ordinates by eaſy: and not inelegant 
4 ſerieſes, amongſt which are included the two caſes commonly 
gen on this ſubject. 
14. If a quantity be required, which proceeds according to 
the dimenſions of x, reduce the above given value of y into a 


quantity proceeding according to the dimenſions of x, and. 
_ 82 
there reſults 1 
ww (= -=y + = A A f 74. . Nc. B 5 
Sr | Se Ss 


=p . c. = 42K 
— — 2 . 
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4) 7 4 | 


A B 8 
8 $ Nc. 
2 &.) PLETE T Tc. + 
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The law and continuation of this ſeries i is evident to any 
-one verſant in theſe matters from inſpection. | 
Theſe fractions may be reduced to a common denominator by | 


8 ſubſtituting for Iþ and A the products Sp x P and AxP, where 
Par . 712 7. &c.; 3 for Sg and B the products 87 x Q 
and BxQ, where Q p=r.þ þ—$.r—5. &c.; for Sr and C 
the products 87 x R and C x R, where Rg 7 5 
Kee.; for 55 and D the produdts Ss * and C x 87, — 2 
Fl q.þ = 7. 7 . de 

The fractions, in particular caſes, will often be reducible to 


wee terms. | 9 
15. Let Dar + but +! + * c., wed as ne 
dent values of & and y be given as before, then will ”= 


17 . 
5 ne., . B 
* xXx — 7 x Op + — — — g—_—_—_—___s If 89 
e. 4 8 
J ᷣͤ - a. | —— 
eee —p X#'—q Xa —" RE 
| | 
1 x1 —g—/ „ ** * *r Kl. 5 


This ſeries may in the ſame manner as the preceding be 
reduced to terms, proceeding according to the dimenſions of 
x; and the ſerieſes given in the examples may ( mulatis mutan- 


dis be predicated of it, | | 
16. A more general method of correſpondent values 1s given 


in the Meditationes, as alſo· the ſubſequent „ 
. — — p &c. 
& 


K 7 C3 0. - 4 uh N * * 1 242 2 N * * _ w__ * ” 2 * = 4 — * 1 — . 
* — — 2 * | - 9 oY = * 4%, Ply + * N * 1 * * N 
* 9 : AY N . 1 >. L 1 - 
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—þ x -u 2 7 *. 4 24. 4 — 6 „ kt. 5 
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4 © 6 FLEE Y 727. Ke. 


| 1 
8 4 


85 + 


r—þ. 7 : pong | * ö &c. 


be. 4s in Ex. 1. S E=H (N +(x =p). 


9 GE. s e- 5) + 


erde r . = 


The $a of theſe 950 different EN will eaſily 
appear by finding the co- efficients of both, which are multi- 
plied into the ſame given value of y as $,, Sq, Sr, &c. and the 
| fame power. of x; for with very little difficulty they will in . 
general be found equal. 
= evident from this reſolution that, giving the ordinates - 
and their reſpective diſtances- from each other, the value of. 
any other ordinate at a given diſtance from the preceding, 
found by this method, will reſult the ſame, whatever may be 
the point aſſumed from which the abſciſs is made to begin. 


. 


— 


15 Lat a ſeries be Ar Br + Cx* 4+ Dx* + &c. of ſuch a for- 
mula'that if in it for x be ſubſtituted a+b, there reſults a ſeries 


A x 73+0+Bxa+0 +Cxa+d +D x a+b +'&c. = (Aa 

Ba* + Ca + Da! + &c.) x (1+9b + rb + + 66. ＋ &c.) + 

(1+ga+ra* T + fa. + &c.) x (Ab+ BG + CS + Db* + &c.) 

then will the ſeries Ax B ＋ Cx ＋ Dx! + &c. = Ar+ 

ä "BA. 242 2 __ 1684 

1 — 2 WP _ — 2 === _ * _ —_ CET ns * 

2 24A*BC*— —4X 24AB*C s 2 16C? A3 —— 2 
1. 2.3.4.5 (4% _ 1.2345 0.700 


x7 


+ &c. ; 


* R * a... 2. NT" L _ * 8 9939 Y N 6 . * *** , — x" . \ 
, 9 U 0 * 2 1 ; | 
. * 2 f , - 4 N ov 


* e . 4 — hs 1 0 RN 1 * 2 " 1 * 
1 dy P * = " * 8 : > FP Sy oo ” : 4 Ca” eo, 4 I 9 * 4 
* 4 4 , e * : 
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p \ x 
* . 
1 
= = XY - 7 of 
- \ 
= s 
- 
o 
;_ 
1 * 
o 


c.; J ap che ſeries 1 n Fre e &e=1 I + 2 1 ** 

60 . „  18CAB—8B , a ip 

1. 24 4 2 + 36C = = # * ＋ 

7 180CA'B— 120ACB3 A 16B* , — ITS - 288ACB*+ 648% * 

e 1.23 TSS 8. 6A 
"+ &c. 4 

I The terms of theſe two a can eafily 8 Jeduced [by the 

ſubſequent method. Let K LM, be fucceſlive 

terms of the ſeries Ax+Bx* + Cx 4 &c., and K „L- 

ſucceſſive terms of the ſeries 1 I r +7x* +5x* +tx*+ &c.; then 
will M 2A* XBXK'+6CAK —2BK., and 1 nxAxM—BxzL 

n.n—1 x * 


Cor. 1. Let B= o, and the two ſerieſes AR + Cv pe 
&. and 1+ err — &c. become 6 reſpectively a+ 30 + 


fy, Wl Ar "2 
= 


FEI 
E e 


If in _ ſerieſes for A be ſubſtituted 1, nd for c be ſub- 


Aiituted wo 25 there will reſult the ſerieſes * — S + 


2 e "oY and 1 RS — ——&c. which give the 


1 2 1.2.3.4 1 
ſine and coſine in terms of the arc x. 
Cor. 2. Let C: So, and the above-mentioned ſeries 8 82 ＋ 


23 BB 4 
&c. becomes Art — Br & 2 * 2* oe 
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— — 72332 Ir +&c, The law of 
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this ſeries 6 is, firſt, that every third term vaniſhes; and, ſe- 
condly, the ſigns of every two ſucceſſive terms change alter- 
nately from + and to +; and, laſtly, the co-efficient 


1 
2 B 


of the term a" 18 N —_ = and the ſeries IT \ 


= 2333 2334 | 
+ &c. becomes 1+5 & — I nt = x 1 


27835 


0 Pig, Bi : | 
Tt ERS AMEEHSSSS 2.3 7A 


Ke. * this ſeries the ſigns of three ſucceſſive terms, alter- 1 
nately change from + to and = to ; and the co- efficient | 


2"xB" „ $ 
of the term x is — —— Of - —— - according as 7 is 
| 15 2. Zo nA” I 2 . 3 . © nA” | 


diviſible by 3 or not. 


2. Let a ſeries 1+Px+Q* RS +Txi+ &c. be of 
ſuch a formula, that if in it for x- be ſubſtituted a+b, there 
reſults a ſeries 1 +Pxa+3+Qxa+Þ +Rxa+» +SxXa+b 
+&c.=(1+Pa+Q#+Ro+S2'+&c.) x (1+Pb+Q#+R# 
＋S6˙ + &c.) (Aa -B CA H Da- &c.) x (A4+B# + C3? 
+D#&*+&c ), then will the ſeries Ax BY CX T Dx! 


&c. = = Ax (E24 ow — 9— x 1 22 


re) Ce, and the feriesr Pr. EO. ERK. 1 


A* . 4 23B+ÞP DF B* 4 N px? 
1 x + — a4. + 2 — * 2 AT, 4 &c. Let 


derten. be ſucceſſive terms of the ſeries Ax+Bx* + 
Cx+&c., and K + LUX + Mit ſucceſſive terms of the 
ſeries 1 +Px+Q#&+Rx+&c.; then will AxXL+PxL'=z 
x M' and BxK+Q xK'=z. _ x M expreſs the law of the 
ſerieſes. >} . 
Vol. LI. F f | Cor 0 
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or. Let Bo, then the ſeries Ax4-Bx? cue — WET) 

F 1285 r (ELA) 

6 3 r 8 3 4+ 7 RTF 3-4-5-6- 71 +.&c), 

and — ſeries 1+Px+Qsx +Rx"+&c. = 1＋ PA ** Le 1 
FAE pp, (F+2) LP-- EU . (PAY » 

W 18 * ＋ PR. | es oy 


+&c. ; the co-efficient of the term * will be N or P 


—1 


* 6 A) s according as u is even or odd. 

If in the equations before given for x be ſubſtituted a=b 
inſtead of a-+b, then in the other quantities for 6 ſubſtitute 
* - b, 1 

3. If in Caſe 2. the difference between the two quantities 
(1+Pa +Qs* + &c.) x (1 +P5 + Q#-+&c.) and (AB ＋Ca⸗ 
f Tce) x (ARCH + &c.)isafſumed=1 +P x a+b+Qx 
a+b +&c., then in the ſerieſes before given for A, B, C, &c. 


| write reſpectively /=1A, VIB, V=1 7. &c., and there 
will reſult the correſponding ſcrieſes. 
The ſame principles may be applied to many other ** 
4. Equations of theſe formulæ may be uſeful, when the 
ſums of the ſerieſes correſpondent to a value (a) of x are 
given, and the ſums of the ſeries correſpondent to a value 
(a+6) of x 1s required, b having a ſmall ratio to a: for inſtance, 


3 5 * 
let the given ſeries be x : - &c.; the 
6 e CT neg. a 


(a Th), (a+8)5 
t — - Nt 
equation found in the firſt caſe is a+6- 2-3 . 


3 8 r 2, 77 Sas, 
. 25 
333 * n $-4 > 5 _ &.) ; 


but 


[ | * 


 Mithod . curr . . &c. 
af 


183 


3 
the fine (s) and coſine (c) of an arc 4 of a f cel whoſe radius 


IS I ; and, conſequently, if the fine s and coſine c of an arc 4 


be given, the ſine of an arc (a T= x (1 — + —& c.) + 


6 23 — e. 1 which ſeries, if 5 be very ſmall 


in proportion to a, converges much faſter than the common 


ſeries for finding the ſine from the arc: it has been given from 


different principles in the Meditationes, and is alſo eaſily dedu- 


cible from the ſeries for finding the ſine and coſine from the 


arc by the Propoſitions uſually given in plane trigonometry : 
4g 
2-3-4 


the coſine of the ſame arc 0 + b)= =cX(1 EA * 
43 35 


=1x(b—— 2 n | | 
25 * . 
” 5 1 5 

0 2532 7 TY ago r 7775 


Ex. * Let the ſeries be a+b+; 


(+4=>+—=—+&)x06+ + —=— &.); 


Bo R> 1 . 3 3.4.5 
3 af 


but 4 —_— ＋ &c.) x, and 14 F TT: 5+. 

Vi 1 T*, if a 10 the hyperbolic log. of — I a; therefore 
272 n &c + 

cadet 7 1 3: 35 -+&c.=xX(1+7 Tz T 2 ) 
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function of x x &, and the value X of it when x =a be known, 


the dimenſions of 6, if 5 be a very fmall quantity, and in 


* b | a * 
p : 
% LS be 
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* 


5. Let a quantity P be a function of x, or the fluent of a 


and the value of it when x = a+b be required. Find a ſeries 
of which the firſt term is X, and which proceeds according to 


general at leaſt ſo ſmall that the ſeries from X A to x = a+b 


neither becomes infinite or o. 


In the ſame manner, if an algebraical or fluxional equation 
or equations, expreſſing the relations between x, y, z, v, &c. 
be given, find the correſpondent values of y, z, b, &c. to x a, 
which let be V, Z, V, &c.; then find ſerieſes for y, x, v, &c. 
of which the firſt terms let be V, Z, V, &c. reſpectively, and 


which proceed according to the dimenfions of 5, but 2 to 


the ſame conditions as in the preceding eaſe. 
From fluxional equations may be deduced ſeries which expreſs 


the value of y, &c. in terms of *, and always diverge, or 
always converge, whatever may be its value, as appears from 


the Meditationes. 
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XVIII. On the Reſolution of e Powers. By Edward 


Waring, M. D. F. R. S. and Lucaſian Profe Hor of Mathe- 
matics at Carabrid ge. 


Read May 28, 1789. 


infinite number of ways into two, three, or more (2) 


forces acting at the ſame point, either in the ſame or different 
planes with the given force and each other; and, vice verſd, 
any number of ſuch forces acting in the ſame or different 


planes may be reduced into one. 
Ex. Fig. 1. Tab. III. Let a body A be added on Ty three forces 


AB, AC, and AD, not being in the ſame plane; reduce any two of 


them AB and AC to one AE, by compleating the parallelogram 
ABEC; then reduce the two forces AE and AD to one AF by 


completing the parallelogram AEFD, and the three forces AB, 
AC, and AD, are reduced to the one AF. 
2. If u forces act on the body A at the ſame time, and any 
(11) of them be reduced to one, the force reſulting will be 
ſituated in the ſame plane with the remaining, and force equiva- 
lent to the (7) forces. 
— ns force 4 be reſolved i into ſeveral others *, y, 2, v, 
&c. ſituated in different planes, and the ſines of the angles, 
which the forces y, 2, v, &c. contain with the plane made by 
the direction of the forces x and à be reſpectively 5, “, “, &c. 
then will H z uE &c. o. 


P R o- 


FORCE acting at a given point may be reſolved by an 


Dr. WarinG on the - 


5 PROBLEM I. 


-P 


Fig. 2. Given the law of attraction of each of the parts of 
a given line in terms of their diſtance from a given point P; 
8 find the attraction of the whole line ab on the point P. 

Find the attraction of the line ab on the point P in the two 
directions Pf and /b by the following method. Draw Px from 
the point P to any point of the line ab, the force acting on 
the point P by the particle xy will be the given function (de- 
termined from the given law of attraction) of the diſtance. i into 
the particle; draw alſo Ph perpendicular from the point P to 
the line ab, and let Pf = a, b/=6, and fx=y; then will the 
diſtance Px— Aa- AU * and the function of the diſ- 


tance into the particle xy = * =2by+y )) * * = F (3) x33 
let this be denoted by lx ſituated in the line Px, which reſolve 


| Lo F: ( 7 | ; gy 
into two others nx = == — VE 2 To) fituated ! in. the line ab, 


and In Gin a direction — to PV) 742 & 5 Eo 5 find the 


. fvents of the fluxions 2 F: (3) ). and . contained be- 


* Px 
tween the values of and f6 = the nne fx=y, which ſuppoſe 

Y and V reſpectively; through the point p draw Py parallel to 
N, and in the line Pf aſſume Pu = V; complete the 
parallelogram Puzy; Ps will be the force of the line 45 on 
the point P. 
Cor. If F: O) varies as any power or root (22) of the ai. 
tance Px a = /(@ = 2by+y* ), and -; be an integer affirma- 
tive number or ©, the fluents Y and V of both the fluxions can 

be found in finite algebraical terms of if n= 1 be an integer 


negative number, both the fluents can be found i in the above- 
1 mentioned 


R reſolution of attraftive Powers. 


radius is Vd and tangent ==, unleſs 2 12 =1, in 
which caſe the fluent Y involves that circular arc, and alſo the 


logarithm of A a. If - denotes a fraction whoſe 


the fluents of any fluxions reſulting by increaſing or dimi- 
niſhing 2 by a whole number, unleſs in the above- mentioned 
caſe of n—i= —1. If 5 o, and conſequently the line Pf is 


preſſed by the finite terms, u unleſs 2 = — 1, in which caſe 
it will be as J log. („a ) when properly cometed. 


Theſe fluxions Y and V may be transformed into others, 
| whoſe variable quantity is Px the diſtance from P, -by ſub- 
ſtituting in the fluxions for 'y and 9 their reſpective values 


| VE —& +6")==b and 


” f TEL „ and conſequently | for 


VV 20 + a ) its value 1. 


PROBLEM 1. 


Fig. 2. Given the attraction of each of the parts of a given 


ſurface in terms of their diſtance from a given point P, and an 


equation expreſſing the relation between an abſciſs Ap x, and 
its correſpondent ordinates pm S 7 of the ſurface; to find the 
attraction of the ſurface on the given point P. 

Firſt, by the preceding propoſition find the 88 Y 
and V of any ordinate m pm in the directions of the ordinate 
pm and of the line Pp; and from the een expreſſing the 


relation 


* 


mentioned finite terms together with the arc of a cirele, whoſe 


denominator is 2, both the fluents can be expreſſed by the 
finite terms together with the log. of b ATA). 
If the fluents be given, when z is a given quantity, and a 
not a whole affirmative number, from them can be deduced 


perpendicular to the given line ab, the Huent Y will be ex- 


K = p pe 24 . a 
w n q " 1 
A * ——* hy * 0 ” * * e _= — — * 1 
of \ T 7 7 WY 3% 4 5 1 2 
bY — * 
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relation between the abſciſs and ordinates of the given curve, 
find the abſciſs in terms of the ordinates (pm) == : (3), and 
thence x = : (3) xy and u ) e: (Y), where 
PA=#' and 5=cofine of the angle, which the abſciſs Ap 
makes with the line PA; then find the fluents of the three 


fluxions Xv (3) XX = . > ( * 


| NOR 
a" KA 


a 
oo IC x y and Xe Witte ES 


tween the values of y, which correſpond to the extreme 
values of x, which ſuppoſe V, V“, and Z; and draw through 


the point P the lines Py and Ps reſpectively parallel to the 
| ordinates pm and to the abſciſs Ap and equal to r x Y” and V.; 


aſſume Pu in the line (PA) = Z, r and t denoting the fines 
of the angles, which the ordinates pm and line AP make with 
the abſciſs Ap: reduce theſe three forces Py, Ps, and Pu, to 


one P/, and Pf will be the force of the ſurface on the 
point BF. . 
Cor. 1. If for y and j y be ſubſtituted their Wms in terms of | 
r and x, deduced from the equation exprefling the relation 
between the abſciſs Ap and ordinate pm of the given curve, 
thence will be deduced the above-mentioned fluents V, V, V/, 
V', and Z, in terms of æ; and in the ſame manner, if for x and 
x be ſubſtituted | in the fluxions or fluents reſulting their values 
9 aT IA g, and its fluxion, there will reſult the 
above-mentioned fluxions or fluents in terms of « the diftance 
from the point P. 
Cor. 2. Let the curve be a circle, of which Ai is the center, 
PA a line perpendicular to the plane of the circle, and the 
ordinate pm perpendicular to the abſciſs Ap; the forces on each 
ſide of the abſciſs Ap will be — and the force in the direc- 


= 7 tion 
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tion of the abſciſs Ap will be equal to that in the n direc- 


tion; the force in the direction (PA) = 4 X a 0e ＋ * 
A : G W, in which * (V Y) is 
the function of the diſtance, according to which the given 
force on the particles varies; the fluent ee, 1 
SU+ 50 is contained between the values a and \/(r* + a* — u 7 


values @ and (a +7) of the quantity v, where a=PA and 
the radius of the circle; but the ſame force i is S2 X 3.14 59 


&c. X 7 ad x F: (u), where F: () denotes the given function 
of the diſtance (), and the fluent 1 18 contained between the 


values a and Va + of u. 


PROBLEM 11. 


To find the attraction of a given ſolid on a given point P. 
Find the attraction of every parallel ſection on that point by 

the preceding problem, and multiply it into the correſpondent 
fluxion of the firſt abſciſſa AP, and alſo find the fluent of the 
reſulting fluxion, which, properly corrected, multiply into the 
ſine of the angle, which the firſt abſciſſa makes with the paral- 
lel ſections, and the product will be proportional to the attrac- 
tion of the ſolid on the given point P. 

2. Fig. 4. Let the ſolid ABC H be generated is the rotation 
of a given curve round its axis AB, which paſſes through the 
point attracted P, and this ſolid be ſuppoſed to confift of ſmall 
evaneſcent ſolids, whoſe baſes are the ſurfaces EF, ef, &c. of 
ſpheres, of Which the center is P, and altitudes E/, &c. the 
Vol. LXXIX. Gg incre- 


of the quantity y, and the fluent Wis contained between = 


196 


;nerements of the baſe AB contained between the two conti- 


51 7 
. : 


l ry W ” ith. N 1 * = 
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* « _ . * oC — 
2 * * = 
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i Warns on 5 


\ 


guous ſurfaces EF and Je from the points E and e of the 
curve draw ED and ed perpendicular to the axis AB, and ES 
perpendicular to the arc Ee of the given curve at the point E, 
and meeting the axis AB in S; then will the evaneſcent ſolid 


EFfe =p x PEXFD x Ff = * FD x PS x Dad (becauſe E = 
PS D 
PE 

reſpectively the abſciſs PD, and its correſpondent ordinate DE 


of the given curve. 
The increment of the attraction of the ſurface EF on the 


N DX. where s and y denote 


| point 1 in the nn PD will be as the increment of the 
ſurface( þ x PE x Dad) * — X force of each particle = NPD x 


Dad x given force of the 3 but the fluent of the fluxion 


PD « Dd contained between the points E and F 1 is= 3PE' — 
3PD' = ED", whence the attraction of the evaneſcent lid 


EF/e 1 is as 1% ED x Ex F: (Vx IF) force of exch given 
| article at the diſtance (PE = V ＋ 5 17 X ED' x - * Dad 


xF: V 71h * 7 = 


of which, properly corrected, is as the attraction of the ſolid . 
on the point P; þ denotes the circumference of a circle, whoſe . 
radius is 1. 


Cor. 1. The fluxion or̃ this ſolid is 3 py 1 —Y dich e 
from the preceding principles =p x C +3) — 2) x (z2==»)) 
= =V, and conſequently their fluents between two values of 2, 


which correſpond to two values of So, will be equal to each 
other. — — 


XF: VE ＋ 9 7 the Avent 


Cor 0 
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as 2. The increment of the attraction of this ſolid as given 


4 5 . 
in this . propoſition 1K 5 X x77 x F: (( 19. 


U, but in the preceding e the force of a cirele on 


the point P=þx au x F: (u), where u= A +7”) and 


a=s, and y or « the only variable quantity contained in the 
fluxion ; and —_— the fluxion of the attraction of the 


ſolid þx23 : [2 7 — * F : ( ＋ * = W; therefore, if for 
= 


the fluent of 


7G 2 


the given equation correſponds to 2; then the fluents of 


U and W contained between the two values of x, which cor- 
reſponds to two values of y=0, will be equal to each other. 
The difference of the fluents of V and V, &c. contained 
between any other two values of z, can eaſily be deduced from 
the difference of two ſegments of ſpheres. 
1. It may not be improper to remark in this hos, that 


fluents of fluxions, the integrals of increments, &c. quanti- 
ties may often be deduced equal, which otherwiſe cannot with- 
out ſome difficulty; of which inſtances are contained in the 
Meditationes, and I ſhall here ſubjoin one or two more to thoſe 
already given in this Paper. 


Ex. 1. Any curvilinear area ABC, &c. may be n to 


confi of evaneſcent areas EFef, of which the baſe EF is the 


arc of a circle, whoſe radius is PES (N T) and fine ED 
y, and altitude Ff, and conſequently the fluxion of the area 


Ef x arc (A) of acucle whoſe radius is PE and fine ED= 
Gg 2 PS 


* F: : ( +y * be ſubſtituted its fluent 


contained between — values 4 and the value of y, which in 


from different methods of finding the ſum of quantities, the 


_* "x Dr. Wann on the 


PS 


3L XZ X S's MN -X AU. the fluent of v ediitainct be- 
PE 2 17 * 


tween the two values of 2 which coireſpond to two values of 


(y)=0 will be equal to the fluent of yz contained between | 
the ſame two values of 2. | 


Ex. 2. The attraction of any circular arc EF in the direction 
PD on a point P (P being the center of a circle, of which EF 
is an arc, and ED the fine of that arc) will be as ED x force at 
diſtance PE=ED x F : (PE); for the attraction in the direc- 
tion PD 5 at the point æ is as the increment of the are * X 


F: (PE) x = — 67 and v _ at right _ to PF): wg =U x 


r.. UD / F SY - 
7 F: (en =" Z x P : (PE)= = » : (PE), 


if u=PI; and th the fluent of it is as PEP 
* (PE) = = ED x : (PE), and the attraction - the ſurface . 


EF will be as ED x Ex F: (PE)=ED x2 x 2 F. (PE) 


N 


=y x N xF: ( = y N= V; the 3 ga the curve 


2 2 2 7 _ » 1 . 8 
will alſo vary as * 2 ( * ) — W, in which the 
WCET ns 5 


is contained between 1 So and u= y; ; 


Avent of 


the fluents of V and W contained between two values of x, 
which correſpond to two values of 9 will be equal to 
each other. 
2. From a ſimilar method may be deduced equalities between 
other like fluents, for the curve may be ſuppoſed to conſiſt of 
bother ſimilar curve ſurfaces equally as circles, and the ſolid 
of ſimilar ſegments of ather ſolids equally as ſpheres. 
3. From the ſame principles may innumerable ſerieſes equal 
to each other be deduced ; for by different converging ſerieſes 
find 


Reſolution my attraBtive . ö 93 
find the ſum of the ſame quantity or quantities, and there will 


reſult ſerieſes equal to each other: for iuſtance (fig. 5 „if the 
time of falling down the arcs AC and BC and their interpola- 
tions from the principles delivered in the Meditationes Ana- 


lyticæ, of which the difference let be D; find the difference 


between the times of a body's falling through BC when it 
began to fall from A and from B by a ſeries proceeding accord- 


ing to the dimenſions of AB So a ſmall quantity; and find, 


by a ſeries of the ſame kind, the time of falling through AB; 
the ſum of theſe two ſerieſes will be equal to D. Similar pro- 
poſitions may be deduced from fluxional equations. 


4. In ſome caſes the ratios of the times of bodies falling 
Pers ſome particular diſtances to each other may be eaſily 


known ; for inſtance, let the force vary as the m—1 power 


of the diſtance (*). and a be the diſtance from which the 
body began to fall, then the velocity varies as vw"), 


and the increment of the time as = -. 85 ; but if the parts 
42 — 


of different curves are — then will a, x, and & vary 
in the ſame ratio as each other, and conſequently the time 


through proportional parts of the diſtance will vary as 
a . ö and if the bodies be reſiſted likewiſe by a force which 


2 


varies as the 2 . power of the velocities, then the times 


m 


through proportional parts will vary as before, that IS, as 


2— 7M 


a = where a denotes the proportional diſtances from the 


points where the forces and reſiſtances are equal. 
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1. Fig. 6. Given an equation expreſſing the relation between 
the two abſciſſæ z= AP and x = Pp and their correſpondent 
ordinates y m of a ſolid, to find its ſolid contents contained 
between two values of its firſt abſciflie z. Aſſume x as an inva- 
riable quantity, and from the equation reſulting find the fluent 
of y contained between the extreme values of x or y; then 
find the fluent of Zz contained between the given values of 2, 


and the fluent multiplied into the product of the fines of the 
| angles, which the firſt abſciſſa makes with the plane of the 
ordinates and fecond abſciſs, and the ſecond abſciſs makes with 


its correſpondent ordinates, will be the ſolid content required. 


2. Fig. 7. Let the firſt abſciſs 2 of a ſolid be perpendicular 


to the planes of the ordinates, and the ſecond abſciſs Pp= x 
| perpendiculat to the ordinates themſelves pm y. Firſt, aſſume 
the firſt abſciſs as invariable, and find the increment of the 
arc pin S (x* +), then aſſume the ſecond abſciſs Pp as con- 


ſtant, and let mu be the fluxion of the ordinate y or u, when 


the fluxion of the firſt abſciſs is 2 - ul, where ul is perpendi- 


cular to the plane of the ordinates þ' pm, and / a point of the 
ſurface of the ſolid; draw uh perpendicular to the arc pm, and 


ſince l! is conſtituted at right angles to the plane ppm, th will 


cut the are p'm at ri ht a les ; but ub = "2 — 
cu e arc þ' 19% agle u „7 N, 


[bh =! b +l = xs — * 8 )* the union of the ſurface will be 


Ih x (Sf +5). From the given equation expreſſing the rela- 


tion between the two abſciſſæ z and x and ordinates y find, by 
afluming z invariable px =, and by aſſuming x invariable = = 
4+ u, 


A fk 
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Reflation of etireBtioe 8 * 19 1 | 
An, which being ſubſtituted for their values in the quantity | 
th x /(s +) » there will reſult ( +p XX = Azz = 


E | 
(7 ——_ 2 xX5X3=Bjz; in A and B for y and x reſpeRivtly 


1 ſubſtitute their value deduced from the given equation, and let | _ 
t the reſulting quantities be A and B'yz, where A” is a func [1 
| tion of x and x, and B' a function of and z; find the fluent | 
of A'xz from the ſuppoſition that x is only variable contained ; | 
between the extreme values of x to a given value of z, which | 
let be Ls, then find the fluent of Lz by ſuppoting = only „ 
| variable contained between given values of 3, and it will He | 


the ſurface of the ſolid contained between thoſe values. . 
The ſame may be deduced by finding the fluent of B on 
the ſuppoſition that y is the only variable quantity contained 9 
between the extreme values of y as before of x to a given value 1 
of 2, which let be L's; - then will the fluent of L's contained = | 
between the given values of z be the ſurface required. is 
If the ſolid be a cone generated by the rotation of a rectan- | 
gular triangle round a fide containing the right angle as an 
axis; hu will be a given quantity, if z be given. 
If the above - mentioned angles are given, but not right un, 
the arc p'm and perpendicular /þ can . be deduced, and 
conſequently the increment of the ſurface... 
3. To define a curve of double curvature, it is neceſſary to 3 4 
have two equations expreſſing the relation between the abſcifize # 
s and x and their ordinates () given, and if the angles which 
they. reſpectively make with each other be right ones; tge [1 
fluxion of the arc as given in the Proprietates Curvarum 18 
(S TK TN. F ind its value from the two given equations in if 
terms of x, y, or x, multiplied into its reſpective fluxions, and its it 
fluent, properly corrected, will be the length of the arc required. | 
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If the angles are not ae they + may _— be duet to 
« - tek. e : 
„ attractions of theſe rn curves, Ke. on a given 
point P may be deduced from the preceding principles of finding 
the attractions of each of the parts in the directions of the firſt 
abſciſſa, which paſſes through the point P, the ſecond ab- 
ſcifla, and the ordinates, and then — the integrals of 
theſe increments. 

From the method which Settreitleies the attraction of a body, 
ſurface, &c. on a given point can be determined the attraction 
of a body, &c. on any number of points, and conſequently the 

attraction of one body, &c. on another, &c. 

It is ſometimes advantageous to transform the firſt abſciſs, 
that it may paſs through the point attracted; and the abſciſſæ 
and ordinates, that they may be at right angles to each 
other, ker. 


PROBLEM v. 


1. Fig. 8. Given an equation expreſſing the relation between 
the two abſciſſæ AP and Pp of a _ and their correſpondent 
ordinates þm, or AP Fs and pm ; to transform the firſt 
abſciſſa into any other LH. 
Let the abſciſſa Lb begin from a point L of the firſt ab- 
ſciſſa AP, and meet an ordinate pm in the point &; draw hp, 
and let the fines of the angles Ppm, Php, and pPh; LP, 
PVL, and PLh, be denoted reſpectively by r, 5, and et, &c. 
„s, and -!; through a point 6 of the line Ph draw Pm 
parallel to pm, and LY, H x, and mn = y: in the given 
equation for AP, 1 and pm ſubſtitute reſpectively their cor- 
reſpondent 


2 
— 


f * N 4 — 
— — . 4 


F | Rei tion of attradttoe bo: 5 197 
8 reſpondent \ values LEY -AL @), 5 7 (for Ph= 5 7 and PB. 1 
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f Ph = bb * bad =D is, =; There: eefults an equation. 5 


to the ſame ſolid expreſſing EY relation between the two ab- 
| ſciſes=Lb and x, and their correſpondent ordinates y. 
I. 2. If the abſciſs Lb does not begin from L, a point in 
the firſt given abſciſs AP, but from M a point given qut of it, 
it may be reduced to the preceding caſe, by drawing from Ma 
line MN =c to the plane of the firſt and ſecond abſciſſæ parallel 
to the ordinates pm; and from N to the firſt abſciſſa a line 
'NO=5 parallel to the ſecond abſciſſæ, and ſubſtituting 1 in the 
equation expreſſing the relation. between AP, Pp, and pm for 1 
AP, Pp, and pm reſpectively 22 AO (a), x==b and y==c; — 
and there reſults the equation required expreſſing the relation | 
between the two abſciſſæ à and x, and their correſpondent „„ 
N ordinates 9, of which the : firſt abſcifla 2 * through 8 | 
point M. | 1 
2. To change the ſecond abſciſſa Py into any other Lb, the bw 
firſt abſciſſa and ordinates remaining the ſame. In the pre- 
ceding figure let L be conſidered as a moveable point of the 
firſt abſciſs AL, and the ſines of the e angles denoted by 


the ſame letters as before, and LH x, AL x, and hm q; in the 
given equation for AP, Pp, and . ſubſtitute a , 4 = and 


and there will reſult the equation required expreſſing x 


the relation between 2 and x the abſciſſe, and their cor- 
reſpondent ordinates y. 


3. Fig 8. To change, "the ordinates, the abſciſſæ remaining 
the ſame, draw p'm an ordinate transformed, 5% parallel to 


the firſt abſciſſa AP, and meeting a ſecond abſciſſa, of which 
Vor. LXXIX., 
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e is an onde in 1 7 5 the ome ate — 1 . Fr 8 or 
p! pm, pp 5 and in write fu 5, and 1, , 1, and ?; and 
4 . AP NN, aud mreſpeftively =, x, and y/; then ſubſtitute 
mn the given equation for * Fo, and r ceſpective values 
rhef 
equation to the ſolid expreſſing the relation beteten the two 
k abſciflie AP” and P and the tranformed ordinates m. 
From theſe caſes, which are eaſily reducible to one, may be 
transformed any given abſciſſæ and their correſpondent ordi-- 
- nates into any other containing given angles, &c. with the 
; before-mentioned abſciſſæ and ordinates. 8 
In the properties of curve lines, firſt publiſhed 1 TY 17625 1 15: 
— given a method of deducing. the equation to any ſection of the 
ſolid, and in particular the caſe of deducing the equation to· 

: the projection of any curve on a given plane, 3 
From the principles given in this, and the Paper on centris 
_ forces, which the Royal Society did me the honour to- 
print, can be deduced the fluxional equations, whoſe fluents- 
expreſs the relations between the abſciſſæ and their correſpon- 
dent ordinates of the curves deſcribed by bodies, of which the 


particles act on each other with forces varying. accordin 8 to 
given. functions of their diſtances, | 
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= „. and > 51 and there reſults an 
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© By M. Richard Walker; in 4 Letter. 10 „Han Cavendiſh, 
* 7 © Hl 


| Read May 28, 1789. 


SIR, 3 Et 
1 NOW beg leave to ald you wah the particulars of my 


experiments relative to the congelation of mercury; to 
which I ſhall add an account of a few experiments, relating to 
the production of artificial cold, made ſince my laſt Paper was 


written. 
Exp. 1. On December 28th laſt, a favourable opportunity 


offered of beginning ſome experiments on the congelation of 


mercury, which I was deſirous of effecting completely; how 

far I have ſucceeded will appear in the ſequel. | 
For this purpoſe I prepared a mixture of diluted vitriolic acid 
(reduced by water till its ſpecific gravity was to that of water 
as 1,5 596 to 1) and ſtrong fuming nitrous acid, of each equal 
parts. I preferred this mixture of acid becauſe it has been 
found by Mr, M Nas, in Hudſon's Bay, to be capable of 
producing much greater cold, when the temperature of the ma- 


terials at mixing is very low, than the nitrous acid alone; the 
former ſinking a ſpirit thermometer to 541, the latter never | 


lower than '— 462. 


The glaſs tube of a mercurial thermometer, with its bulb 


half filled with mercury, was provided, this occurring to me 
 Hhz | as 
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28 a convenient method of aſcertaining when the mercury was 
congealed ; for if, after being ſubjected to the cold of a frigo- 
rific mixture, the thermometer glaſs ſhould be taken out and 
inverted, and the mercury found to remain completely ſuf- 
pended 1 in that half of the bulb now uppermoſt, no doubt can 
remain of the ſucceſs of the experiment; an hydrometer, with 
its lower bulb half an inch in diameter, and three-fourths full of 
mercury, was likewiſe provided, in caſe any accident ſhould 
happen to the other. : 

It may be proper to am ies, that in al experiments of 
this kind I remove each veſſel, when the liquor it contains is 
ſufficiently cooled, out of the mixture in which it is immerſed 
for that purpoſe, immediately previous to adding the ſnow or 
falts with intention to generate a ſtill further increaſe of cold; 
and likewiſe prefer adding the ſnow or powdered ſalts to the 
liquor, inſtead of pouring the liquor upon theſe : it is neceſſary 
alſo to ſtir about the ſnow or ſalts, whilſt cooling in a frigorific 
-mixture, from time to time, otherwiſe | it will freeze i into a hard 
maſs, and fruſtrate the experiment. | ttbitte 
A half-pint glaſs tumbler, containing two ounces nd a half 


of the above-mentioned diluted mixture of acids, being im- 


merſed 1 in mixtures of nitrous acid and ſnow, until the liquor 
it contained was cooled to — 30% was removed out of the 
mixture and placed upon a table; ſnow, likewiſe previouſly 
cooled in a frigorific mixture to — 15%, was added by degrees to 
the liquor in the tumbler, and the mixture kept ſtirring until a 
mercurial thermometer ſunk to — 60*, where it remained ſta- 


tionary; the hydrometer was then immerſed in the mixture 


(the thermometer glaſs having been broken in the courſe of 
the experiment), and ftirred about in it for a ſhort time, and 
on taking the hydrometer out, and gently ſhaking it, I 
perceived 


1 
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3 | Comgelatioof Wi — — 2 
perceived the mercury had already acquired the conſiſtence of 
-an amalgam, and after iminerſing it again'for a few minutes, 
and then taking out and inverting it, I was gratified for the firſt 

time with the fight of mercury in a ſtate of perfect congela- 
tion. I applied my hand to the inverted glaſs bulb; this ſoon 
looſened the ſolid mercury, which, on ſhaking the hydro- 
meter, was diſtinctly heard to knock with force againſt the 
glaſs; it was then immerſed a ſecond time, and when taken 
out was found adhering to the glaſs as before. I now inverted 
the glaſs again, and kept it in that fituation until the whole of 
the mercury melted, and dropped down globule after globule 
into the ſtem of the hydrometer. The interval of time from 
taking the mercury out of the frigorific mixture in a ſolid ſtate, 
the laſt time, to its perfect liquefaction, was not noticed; but, 
upon recollection immediately afterwards, was ſuppoſed to be 
not leſs than three or four minutes. In a ſucceeding experi- 
ment this circumſtance was attended to, and the frozen mer- 
cury, weighing ſeven ſcruples, was not entirely melted under 

ſeven minutes, the temperature of the air + 30%. 

The experiment which follows I conſider the moſt extra- 

ordinary, becauſe it proves beyond a doubt, that mercury may 

be frozen not only here in ſummer, but even in the hotteſt 

climate, at any ſeaſon of the year, by a combination of fri- 
gorific mixtures, in the way deſcribed in the Philoſophical | 
Tranſactions, Vol. LXXVII. p. 285. in which attempt to 
freeze mercury, made April 20, 1987, the temperature of 
the air and materials being + 45*, I certainly reached (without 
the aſſiſtance of ſnow or ice) the point of mercurial congela- 
tion; but had then no ſatisfaftory proof that any part of the 
mercury was abſolutely congealed. 


Exp. 
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poſed of ſtrong fuming nitrous. acid two parts, and ſtrong 

vitriolic acid and water each one part, were cooled in a half 
pint tumbler immerſed in a frigorific mixture, till the tempe- 
_ gature of the diluted mixture of acids was reduced to — 309. 


to the liquor in the tumbler, ſtirring it together until the mer- 
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1 2. On December. 30. eb ounces 5 a mixture com- 


The tumbler was then removed out of the mixture, and 
vitriolated natron (GLavzer's falt) ; in very fine powder, pre- 
viouſly. cooled to — 14 by a frigorific mixture, added by degrees 


cury in the thermometer ſunk to 54. The hydrometer 


_ uſed in the former experiment, with its lower bulb three- 
fourths full of mercury, was now immerſed and ſtirred. about 
in the mixture for a few minutes, when on taking it out, and 
inverting it, I had the ſatisfaction to find the ſame proof of 
the mercury being frozen as in the former /inſtance. It was 
immediately ſhewn to the gentlemen preſent, who. expreſſed 


likewiſe their entire ſatisfaction. Nearly four ounces of the 


'E powdered ſalt was added; but, I believe, ſome was added after 
the greateſt effect was produced. I had no nitrated ammonia 


by me,: otherwiſe I ſhould. have uſed upon this occaſion, inſtead | 


of vitriolated natron alone, a mixture of theſe two ſalts in 


powder, in the proportion of ſeven parts of the former to 
eight of the latter. The temperature of the room in which 


Theſe experiments were made was + 30* each time, and the 


envy taken from a jar containing ſeveral pounds. 

Exp. 3. By an experiment made purpoſely on January 10. 
laſt, at which Dr. BouxxRE was preſent, I have found that 
mercury may be congealed tolerably hard, by adding freſh 
fallen ſnow, at the temperature of + 32*, to ſtrong fuming 
nitrous acid, previouſly cooled to between — 25? and — 30?, 
which may be very eafily and quickly effected by immerſing 
6 the 
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acid. | 

. L uſe the fuming 1 nitrous acid upon all occaſions, becauſe that 
2 not require to be diluted, cold being immediately pro- 
duced on the ſmalleſt addition of ſnow. 


repeated the experiment of freezing mercury, at the Anatomy 


School in Chriſt Church, i in the preſence of the honourable 


Mr. WENNMAN, the rev. Dr. Honk E, Dr. S1zTHoRe, junior, 
Dr. Tromeson, the rev. Mr. Jackson of Chriſt Chureh, 
and Mr. Wood of this place, a gentleman well known for 


his ingenuity in mechanics. 
For this purpoſe were provided a ſpirit theemometer:z gra- 


Seated very low, and a mercunal thermometer graduated to 


2765, two thermometer glaſſes, with bulbs very near, if not 
quite, an inch in diameter each, one filled with mercury 


nearly to the orifice of the tube, which was left open, the 


ether with its bulb half filled, and an bydrometer with its 


lower bulb (conſiderably leſs than either of the others) like- | 
wiſe half filled with 3. - the companions of the room at 


this time + 28%, 


As pan, containing nine ounces of the mixture of acids pre- 
pared as in the firſt experiment, was placed in a larger pan, 


nitrous acid and ſnow, contained in another pan much larger. 


When the nitrous acid in the ſecond pan was cooled by this 


mixture to - 187, and the mixed acids in the ſmalleſt pan 
nearly as much, ſnow at ſomewhat between + 20% and 4 25 
the temperature of the open air at that time, was added to the 
nitrous acid in the ſecond pan, until the ſpirit thermometer 
funk to near 435; then the thermometer, with its bulb- 
half filled, was immerſed. a. ſufficient time,. and when taken 
out, 


207 
the veſſel vouraining. The acid in a mixture of ſnow and nitrous 


Exp. 4- On Janvary 12, at Dr. TnoMsoN" 8 requeſt, F 
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out, the mercury in it was found congealed, and 4 to 
the glaſs. The pan containing the mixed acids, and which 
bad been removed whilſt the ſnow was added to make the 
ſecond mixture, was now replaced in it, in order to be cooled ; 
and when the mixture of acids was reduced to' the tempera- 

ture of — 34", ſnow previouſly cooled to — 18* was added, 
| keeping the mixture ſtirred until the mercurial thermometer 
ſunk to — 60; its temperature by the ſpirit thermometer v was 
then found to be — 51%. 

The three glaſſes containing the mercury to be frozen were 
now immerſed in this mixture, and having been moved about 
in it for a conſiderable time, during which the ſpirit thermo- 

meter roſe ſcarcely one degree, were then 2 taken out 
and examined. 

As the examination of the frozen mercury was more imme- 
diately under the inſpection of Dr. 'TroMsoN, I ſhall 2 
here that gentleman' s account of the phznomena. 

5 When the freezing mixture was ſuppoſed to have pro- 
00 its effect, the bulb which was completely filled was 
taken out, and broken on a flat ſtone by a moderate ſtroke or 
two with an iron hammer. ä This bulb was Eleven or twelve 
lines in diameter. 

| The ſolid mercury was ROGERS into ſeveral th and bril- 
ant fragments, ſome of which bore handling for a ſhort time 
before they returned to a fluid form. One maſs, larger than 
the reſt, conſiſting of nearly one-third of the whole ball, 
afforded the beautiful appearance of flat plates, converging 
towards a center. Each of theſe plates was about a line in 
breadth at the external ſurface of the ball, becoming nar- 
rower as it ſhot inwards. Theſe facets lay in very different 
planes, as 18 common in the fracture of any cryſtallized ball, 


whether 


LY ' * 
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Cungelation of Quick fie in Pogland. - . 
whether of a brittle metal or of the earths, as in balls of cal- 
careous ſtalactite. The ſolid brittle mercury in the preſent 
inſtance bore a very exact reſemblance, both in colour and 
plated ſtructure, to ſulphurated antimony, and eſpecially to 
the radiated ſpecimens from — before chey are at all 
damen. 43 

- Inftead of a ſolid. center to this ball, it be as if how 
had been a central cavity, of about two lines in diameter, a 
conſiderable portion of which was evident in the fragment juſt : 
deſcribed, at that part to which the radii converged. . It is 
indeed poſſible, that this may have been merely the receptacle 
of ſome part of the mercury remaining fluid at the center. 
The hollow within was ſhining, but its edges were neither ” 
ſoft nor mouldering ; on the contrary, they were ſharp and 
well defined : nor was the brilliancy of the radi! attributable to 
any exudation of mercury as from an amalgam. 

In the two ſmaller bulbs, which were only half filled, the 
mercury preſerved i its uſual luſtre on the ſurface in contact with 
the glaſs, as well as on that ſurface which it had acquired in 
becoming ſolid. The latter was occupied by a conical depreſ- 
| bon, the gradations of which were marked by concentric 
lines. | 5 
One of theſe hemiſpheres was s ſtruck with a hammer, a as in 
the former inſtance, but was rather flattened and cruſhed than 
broken. The other, on being divided with a ſharp chiſſel, 
ſhewed a metallic ſplendour on its cut ſurface, but not equal- 
ling the poliſh of a globule of fluid mercury.” 

| Thirteen ounces of ſnow in the whole were found to have 
been added to the mixed acids; but ſome was added to lower 
its temperature after the glaſſes containing the mercury were 
taken out, and the ſpirit thermometer had riſen a few degrees. 
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| This was a day remarkably favourable for ſuch an experi- 
ment. My thermometer expoſed to the open air ſtood, at 
three quarters paſt eight this morning. at I 6, which is a very 
extraordinary degree of cold here; ; but this AG was 
not begun till oon. e  HOITTTTN I 
Exp. 5. On Jan. 14. I froze mercury at the Waben 
School again, in the preſence of the rev. the Dean of Chriſt | 
| Chien, the rev. Dr. HorwnsBy, and Dr. Twomson. 
Four ounces now of the mixture of acids, prepared as in the 
firſt experiment, were cooled in a tumbler to — 20?, which 
required ſomewhat more than an equal weight of ſnow, cooled 
3 nearly to the ſame temperature, to produce the greateſt effect. 
This was ſome what leſs than in the laſt experiment, the ſpirit 
thermometer ſinking no lower than - 467, owing chiefly to the 
weather having become much warmer, the temperature of the 
open air being now + 36%. The mercurial thermometer im- 
merſed in this mixture ſunk to = 55, vrhere it became ſta- 
tionary ; then two thermometer glaſſes, one half filled with 
mercury, and the other filled to a confiderable height up the 
the tube, after being immerſed ſome time, were examined. 
Upon breaking the ſhell of glaſs from the former of theſe, the 
mercury was found in a perfectly ſolid ſtate; but its upper 
ſurface, which was highly poliſhed, and of the colour of 
quid mercury, inſtead of being only Nightly depreſſed, as 
had been ſeen in every other inſtance which afforded an oppor- 
tunity for inſpection, now formed a perfectly inverted hollow 
cone. This great depreſſion, as well as the concentric cireles 
mentioned in a former inſtance, I ſuppoſe, might be owing to 
a rotatory motion accidentally given to it whilſt congealing. 
The folid mercury was beaten out, but having been ſuffered 
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to lie ſome time on 00 table for inſ Pen , very quickly 
a 


melted 


LE 


melted 3 into liquid globules. The flexibility of ſolid mereury 
was clearly to be 6bferved in this beautiful ſpecimen ; for the 
external ſurface, particularly the upper thin rim of the con- 
cave part, was evidently bent by the firſt pentle ſtroke of the 
hammer. The globe of mercury in the other glaſs, which 
was very ſmall, exhibited nearly the fame phznomena, as in 
the inftances before mentioned. 
It happened in theſe experiments of mine, contrary to what 
has generally occurred to others, that the mercury never ſunk 
lower than — 669, ſeldom ſo low, i in the thermometer, and 


but little below. the point of mercurial congelation in the 


tubes of the thermometer glaſſes filled nearly | up to the orifice, 
with” a view to ew che contraction of mercury i in becoming 


- {tidbits great deſcent - in the tube; On teflecting on this 


circumſtance afterwards, it occurred to me, that the further 


deſcent of the mercury in thas/ experiments was prevented not 


wlely by the mercury freezing in the tube, the cauſe com- 
e aſſignied, but rather by tlie quick formation of 2 ſpheri- 


generatiqn gf, cold. 
Dr. BRD Dogs . Aa. Un to exhibit lid x 8 at 
his Lecture before his Claſs, I undertook to freeze ſame at the 


Laboratory on March thy laſt, . and now reſolved, to ſatisfy 


of the mercury in my former experiments. In this, as well as, 
the former, the mercury in a thermometer graduated 1 to. —bo®, 
and likewiſe in a thermometer glaſs, filled nearly to the orifice, 


which lengthened its ſcale to near — 250, ſunk only a fe 


degrees below the point of mercurial congelation, and then 
remained ſtationary. After waiting ſome time, I took the 


thermometer out of the mixture, and obſerved the bulb appa- 


rently full, and the ſhort thread of mercury above unbroken. 
SS I now 


Calgetition 7 — 1 


d { TEST" OW the bulb, * the Warn 


myſelf reſpecting. the cauſe which prevented the lower deſcent, 
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I now embraced 2 lower part of the tube with my hand a 
few ſeconds, reſting, it. upon the upper gart of the bulb;. and. 
upon taking it away, 1 found that the whole af the mercury 
bad ſubſided into the bulb, which it did not now quite fill, a. 


| ſmall ſpace at the top of the bulb. remaining empty. I. then, 


took. out the thermometer glaſs, and applied my hand to the 
tube; but the mercury remained ſtationary until I. ſunk my. 
hand ſo. as to communicate heat to that part of the bulb which 
is immediately connected with the tube, when, the thread of: 
mercury dropped entirely into the bulb. It was. now. im- | 
merſed again for a ſhort time, then taken out, and the ſhell of 7 
glaſs: beaten off, which expoſed. al globe of ſolid mercury, nearly 8 
an inch in diameter. Ibis bore ſeveral very ſevart ſtrokes with. 5 
a hammer before it been to iguity, | but was not. perfefhly, 
malleable... | . 

In the courſe of theſe experiments, {rent eren of is 
ſolid mercury were thrown into mercury in its ordinary lip 
tate, and were found to ſink with conſiderable celerity. 


In continuing my reſearches eſpeBiing the means of pros 
_ ducing artificial cold, I have found that phoſphorated natron 
produces rather more cold by folution in the Gated nitrous. 
acid than the vitriolated natron: 101292 

At the temperature of 50, four parts of the dluted ni- 
trous acid (prepared by mixing ſtrong nitrous acid with half its: 
weight of water) required eight parts of that neutral ſalt in- 
fine powder to be added, in order to cauſe the thermometer to- 
ſink to —6*;: and again, by the addition of five parts of ni- 
trated-ammonia-in fine powder, the thermometer: ſunk. ſo- low: 


as — 169, in the whole fixty-fix degrees. nada aalsd 
A mixture of this kind made the thermometer ſink from 80? 
(the temperature of the materials before mixing) to O. 
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I was directed tothe. trigl of. this, Hit, by the like zemgrkable 

{enſatiqn., of ,collneſs Without  pungency,; which, with, its 

other firmilar.. properties to ice, firſt induced me, whilſt pur- 

ſuing the ſubject of cold, to try the eſſect of diſ alving the 
vitriolated natron in the. mineral n 50 

_ _ Equal. quantities, by. weight, of phoſphorated, natron and 

vitriolated natron, Were evaporated ſeparately over a gentle fi P 


until, each was reduced; to a, perfeftly dry powder. I then 
— them, and ound the refiguum., of the, phoſghoratgd 


” 0. 1 


9 


natron ſomewhat. lighter. than that. of the, vitriglated natron; 
from, whence. it is, probable. the farmer. contains. the greatch; 
quantity of water of. cryſtallization, . 


| & i if eller: 192780 11 97.3 417 
1 have found, that each of the * 
on in the min ineral. acids, 


any remarkable degree of. cold by ſolution h 
bir, phoſphor ns matron, vitriglated natron, and yitriolated 
| — loſe. this. property entirely, when Heprived. by Wh 

W N their watgx of eryſta liz atio 91 bi: 1 107 155 $i 
A, ſhort. time after 1 had firſt ſucceeded. i in freezing x water. in 
furomer,. by. one mixture compoſed. gf three different. falts in 

water (having deen ine ced to txy. the effect of, ſuch a method, 
from the conſideration. that wgteg. already ſaturated with one 
kind of ſalt, Aue a portion of another, and after that 
a third, or even more), I met with the account. of an experi- 
ment made by M. -HomBzRs, related in one of the earlier 
Volumes of the Philoſophical.” Tranſactions, i in which it is faid 
be produced an extraordinary degree. of cold, by pouring a pint: 
and a half of diſtilled vinegar upon. two, pounds. of powder 
compaſed of equal parts of crude ſal. ammoniac and. corroſive 
ſublimate, and ſhaking them well together. 1 immediately 
(July 30, 1786) prepared a mixture of this kind 3 in ſmaller | 
quantity, but found it produced only thirty-two degrees of. 
cold, 


falts which. - produce . 
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| cold, N of Re Ar than before mixing 
Being 63; Which is ho more that I have bound may be'effeted 
by 2 Aelution fr" wWatet of crude fal * mme ne alone, pre- 
bon Add arid powdered. 9 07 „109 1 $149): od wil! 
By a trial made with great acetrdty, 1 find, dt even the 
sture compoſed of diluted vitriolic acid and riolated na- 
eroh is 2 n to any uſeful purpoſe. that may be required in 
the hotteſt country ot, by adding eleven parts 6f the Galt in 
dne powder|to' tight parts of the vittiölie acid ailared with 
an equal weight of water; the thermometer funk from 80“, 
the mean temperatur Ire of the 'hbtteſt clithate, and to Which 
theſe materials were purpofely' heated befote mixibg, a to rather 
A below fo: Bit 21181 PIUS 50} JO 11339 3609 Danot vad J 
vn * Vitriolated nation, Added tö the matfine acid undiluted, p ro- 
ar vel nearly is gebe degree of cold as hen sd ny 
tlie diluted” nitrous atid.” At the temperature of 30, two 
parts of the acid, require three parts of the falt im fie Po- 
Ker, Wick wen Bak die RoW Wes Aff heed parts 
r a tditkd'powder;” coiltainitig equal parts of mütisted am- 
moni and nitrated kali, be added afterwards, the cold of the 
| mixture ill be — A few degrees more. 
Thie fligorie mixture aböve "deſcribed; dae of Pt. 
Pbofated natroti and nitfatet aintilonia Arlelved in the diluted 
Nin Aeid, being the moſt owerful, 1X will probably be 
foohd oft — fot ane ng mercury, when friow is 
abt to We pröcuted. The materials for this purpoſe may be 
previcwly Cooled i in mixtures made of marine acid with vitri- 
dlated natron, muriated ammottia, and nitrated kali, in the 
prop orti6hs' mentioned above, this being much cheaper thats 
Soy male with diluted nirtvs atid, "tad very an g's 11 
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1 of hel in England. 211 
5 my laſt Paper I mentioned a freezing mixture, made by 
diffolving a powder compoſed of equal parts of muriated am- 
monia and nitrated kali in water, and therein directed fix parts 
of the inixed powder to be added to eight | parts of water; but 
1 have found fince, that the beſt proportions are, five parts of 
the former to eight of the Eber, by which 1 have fook the 
thermometer from 50* to 119. 

Having now proſecuted my ſubject relative | to mixtures for 
generating artificial cold without the uſe of ice, from a poſſible 
method propoſed by Dr. WATSON (Effays, Vol. III. p. 1 39.), 
for freezing water in ſummer in this climate, and carried it on 
to a certain method of freezing, not only water, but 5 even 
mercury, i in the hotteſt climate, 1 now intend to take 1 leave 
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can of new Nebulæ. f 


but alſo in conſideration of their great conſequence, as being 
no leſs;than whole ſdereal ſyſtems, we may hope, will in future 
1 engage the attention of Aſtronomers. 
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ſo ſmall a compaſs as that to which I 3 it expedient to 
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ers of Stars; with a ew... intraductory Remarks on the Con- 


HP of the Heavens, WM. n ee L EL. D. 
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* be continuation, 21 a review. _ the Nevins wier my 
f twenty - feet refleor, Iam now furniſhed with a ſecond 


—— * 
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Theſe curious objects, not only on account of their number, 
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With a view to induce 
them to undertake the neceſſary obſervations, I offer them the 


following catalogue, which, like my former one, of which it 


is a continuation, contains a ſhort deſcription of each nebula or 
| cluſter of ſtars, as well as as its ſituation with 3 to ſome 
known object. | 


6 


The form of this bY it with" be . is 8 that of 
the former part, the claſſes and numbers being continued, and 
the ſame letters uſed to expreſs, 1 in the ſhorteſt way, as many 
eſſential features of the objects as could poſſibly be crowded into 


limit myſelf. 
The method I have taken of analyzing the — if I may 
do expreſs myſelf, is perhaps the only one * which we can 


ar rive 


.- 
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Ta] 21 3 k 
_ arrive at Airtec of their conſtruction. In che proſecution 
of ſo extenſive an undertaking, it may well be ſuppoled that 
many things muſt have been ſuggeſted, by the great variety in 
the order, the ſize, and the compreſſion of the ſtars, as they 
preſented themſelves to my view, which it will not be improper 
to communicate. 

To begin our inveſtigation according to ſome order, let us 
depart from the objects immediately around us to the moſt 
remote that our teleſcopes, of the greateſt power 10 Henetrate 
into ſpace, can reach. We ſhall touch but flightly on op 
that have already been remarked. 

From the earth, conſidered as a planet, and the moon as s its 
ſatellite, we paſs th rough the region of the reſt of the pla- 
nets, and their ſatellites. The ſimilarity between all theſe 
bodies is ſufficiently ſtriking to allow us to comprehend them 


-under one general definition, of bodies not luminous i in them- 
ſelyes, revolving round the ſun. The great diminution of 
light, when reflected from ſuch bodies, eſpecially when they 
are alſo at a great diſtance from the light which illuminates 
them, precludes all poſſibility of following them a great way 
into ſpace. But if we did not know that light diminiſhes 
as the ſquares of the diſtances enereaſe, and that moreover in 
| every reflection a very conſiderable part is intirely loſt, the 
motion of comets, whereby the ſpace through which they run is 
meaſured out to us, while on their return from the ſun we ſee 
them gradually diſappear as they advance towards their aphe- 
lia, would be ſufficient to convince us that bodies ſhining only 
with borrowed light can never be ſeen at any very great 
diſtance. This conſideration brings us back to the ſun, as a 
refulgent fountain of light, whilſt it eſtabliſhes at the ſame 


time beyond a doubt that every ſtar muſt likewiſe be a ſun, 
Vol. LXXIX, K k thi 
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oft vy Its own hätlve btightneſs. Here chen e bott 
10 tlie dre capital Parts of the great conſtructiot. 
bee Tune, every one of which is probably of as much 
| Eoniſtcuetice to 4 ſyſtem of planets, ſatellites, and comets, as 
our wh fun, are how” to be conſidered, in their turn, as the 
minute parts of a proportionally greater whole. I need not 
fepeat that by my analyſis it appears, that the heavens conſiſt 
of tegions where funs are gathered into ſeparate fyſtems, and 
that the catalogues 1 have given comprehend a liſt of ſuch 
yſterns; but may we not hope that our knowledge wilt not 
ſtop ſhort at the bare enumeration of phænomena capable of 

77 us ſo much inſtruction? W ly ſhould we be leſs inquiſi- 

tive "that the natural philoſopher, who fometimes, even from 
at inconfidetable number of ſpecimens of a plant, or an 
animal, is enabled to preſent us with the hiſtory of its riſe, 
5 rdpicls, and decay! ? Let us then compare together, and 
den boch ol theſe numerous ſidereal groups, that we may 
trace the 


* 


fa operations of natural cauſes as far as we can perceive 
the ir agency. The moſt ſimple form, in which we can view: 
a ſidereal fyſtern, | i that of deing globular | This alſo, very 
-Aavourdbly to our defign, is that which has 'preſtiited irſelf 
moſt frequently, | and of which r have Ln; the i 
collection. 8555 
But, firſt of all, it t wilt be — to alis what i is our 
5 of a cluſter of ſtars, and by what means we have obtained 
For ah inſtance, I ſhall take the phænomenon which pre- 
Fa U in many cluſters: It is that of a number of lucid 
ſpots, of equal luſtre, ſcattered over a circular ſpace, in ſuch 
a manner as to appear gradually more compreſſed towards the 
middle; and which compreſſion, in the cluſters to which 1 
allyde, i is generally carried ſo far, as, by imperceptible degrees, 
| to 
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Var, & 9 
to end 1 in ne center, of a reſolvable blaze of 120 t. To 
ſolve this. appearance, it may be conjeftured, that ſtars of a any 
given, very unequal magnitudes, may cf b be ſo arranged, in 
ſcattered, much extended, irregular rows, as to produce the 
above deſcribed picture; or, that ſtars, ſcattered about almoſt 
. promiſcuouſly within the fruſtum of a given cone, may be 
aſſigned of ſuch properly diverſified magnitudes as alſo to form 
the ſame picture. But who, that is acquainted with the doc- 
trine of chances, can ſeriouſly maintain ſuch improbable con- 
jeQures ? To conſider this only in a very coarſe way, let us 

ſuppoſe a cluſter to conſiſt of 5000 ſtars, and that each of 
them may be put into one of 5000 given places, and have one 

of 5000 aſſigned magnitudes. Then, without extending our 
calculation any further, we have five and twenty millions of 
| chances, out of which only one will anſwer the above i impro- 
bable conjecture, while all the reſt are againſt i it. When we 
now remark that this relates only to the given places within 
the fruſtum of a ſuppoſed cone, whereas theſe ſtars might 

have been ſcattered all over the viſible ſpace of the heavens; 
that they might have been ſcattered, even within the ſuppoſed 
cone, in a million of places different from the aſſumed ones, 
the chance of this apparent cluſter's not being a real one, will 
be rendered ſo highly improbable abet it ought to be intirely 
rejected. 
Mr. Michell computes, whh Wielt to the fix brighteſt flars . 
of the Pleiades only, that the odds are near 500000 to 1 that 
no ſix ſtars, out of the number of thoſe which are equal 1 in 
ſplendour to the fainteſt of them, ſcattered at random in the 
whole heavens, would be within ſo ſmall a diſtance from each 
other as the Pleiades are *. 


* Phil, Tant. vol. LVII, P- 240. 3 ˖ e 1 228 
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© Taking i it then fon wr that the ſtars which appear to bg 
1 red together: i ina group are in reality thus accumulated, 
1 proceed to prove alſo that bined are nearly of E mag: 
+ nitude. ek. 


The cluſter itſelf, on account” of the ſmall angle it it fobtends 
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| to the eye, we muſt ſuppoſe to be very far removed from: us. 
| For, were the ſtars which compoſe it at the ſame diſtance from 
| one another as Sirius is from the ſun; and ſuppoſing the cluſter 
| to be ſeen under an angle of 10 minutes, and to contain 50 
| ſtars in one of its diameters, we ſhould have the mean diſtance 
| of ſuch ſtars twelve ſeconds; and therefore the diſtance of 
l the cluſter from us about ſeventeen thouſand times greater than 
1 | the diſtance of Sirius. Now, fince the apparent magnitude of 
6 g | theſe ſtars is equal, and their diſtance from us is alſo equal, — 
#H becauſe we may ſafely negle& the diameter of the cluſter, 


. which, if the center be ſeventeen thouſand times the diſtance: 
FJ Sirius from us, will give us ſeventeen thouſand and twenty= 


nl | five for the fartheſt; and ſeventeen tliouſand wanting twenty-five: 
_ for the neareſt ſtar.of the cluſter ;—it follows that we muſt 
1 either give up the idea of a cluſter, and recur to the above 


_ refuted ſuppoſition, or admit the equality of the ſtars that 
compoſe theſe cluſters. It is to be remarked that we do not- 
mean intirely to exclude all variety of ſize; for the very great 
diſtance,. and the conſequent ſmallneſs of the component 
cluſtering ſtars, will not permit us to be extremely preciſe in 
| the eſtimation of their magnitudes ; though we have certainly 
1 ſeen enough of them to know that they are contained within 
1 pretty narrow limits; and do not, perliaps, exceed each other 
in magnitude more than in ſome ſuch proportion as one full- 
© grown plant of a certain ſpecies may exceed anotlier full-grown- 
pant of the ſame ſpecies, 


Is 
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Cluj n N 1 
1 we © have "amy proper concluſions relating to the ſize of 


ſtars, we may with ſtill greater ſafety ſpeak of their relative 
ſituations, and affirm that in the ſame diſtances from the center 


an equal ſcattering takes place. If this were not the caſe, the 
appearance of a cluſter could not be uniformly encreaſing in 
brightneſs towards the middle, but would appear nebulous in 
thoſe parts which were more crowded with ſtars ; but, as far 
as we can diſtinguiſh, in the cluſters of which we ſpeak, every 
concentric circle maintains an equal degree of compreſſion, as 
long as the ſtars are viſible ; and when they become too crowded 
to be diſtmguifhed, an equal brightneſs takes place, at equal 
diſtances from the center, which is the moſt luminous part. 
The next ſtep i in my argument will be to ſhew that theſe 
cluſters are of a globular form. This again we reſt on the 
ſound doctrine of chances. Here, by way of ſtrength to our 
argument, we may be allowed to take in all round nebulæ, 
though the reaſons we have for believing that they conſiſt of ſtars 
have not as yet been entered into. For, what I have to ſay 
concerning their ſpherical figure will equally hold good whether 
they be groups of ſtars or not. In my eatalogues we have, I 
fuppoſe, net leſs than one thouſand of theſe round objects. 
Now, whatever may be the ſhape of a group of ſtars, or of a 
Nebula, which: we would introduce inſtead of the ſpherical 
one, ſuch as a cone, an ellipſis, a ſpheroid, a circle or a cylin- 
der, it will be evident that out of a thouſand ſituations, which 
the axes of ſuch forms may have, there is but one that can 
anſwer the phznomenon for which we want to-account;. and 
_ that is, when thoſe axes are exactly in a line drawn from the 
obje& to the place of the obſerver. Here again we have a 
million of chances of which all but one are againſt any other 
. hypo- 
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| Hypotheſis; than that whit 
reason, ought to be admitted. 
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The laſt thing to to be in ferred Po, the above re 
ances is, that theſe cluſters of ſtars are more condenſed towards 
the center than at the ſurface. If there ſhould be a group of 


_ Nars in a ſpherical form, confiſting of ſuch as were equally 


ſcattered over all the aſſigned ſpace, it would not appear to be 
very gradually more compreſſed and brighter in the middle; : 
much leſs would it ſeem to have a bright nucleus in the center. 4 
A ſpherical cluſter of an equal compreſſion within, —for that 
fuch there are will be ſeen hereafter, may be diſtinguiſhed by 


the degrees of brightneſs which take place in going from the 


center-to the circumference. Thus, when a is the brightneſs 


in the center, it will be 2 4 at any other diſtance x from 


the center, Or, putting a= 1, and x=anty decimal fraction; 
then, in a table of natural fines, where x is the fine, the 


brightneſs at æ will be expreſſed by the coline. Now, as a 


gradual encreaſe of brightneſs does not agree with the degrees 
calculated from a ſuppoſition of an equal ſcattering, and as the 
Cluſter has been proved to be ſpherical, it muſt needs be ad- 
mitted that there is indeed a greater accumulation towards the 
center. And thus, from the above-mentioned appearances, we 
come to know that there are globular cluſters of ſtars nearly 
_- equal in ſize, which are ſcattered evenly at equal diſtances 
from the middle, but with an Oy accumulation towards 
the center. 
We may now venture to raiſe a An upon. the 
arguments that have been drawn from the appearance of 
eluſters of ſtars and nebulæ of the form I have been examining. 
Which 3 is that of which I have made mention in my . 
1 4 c 
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mürked that when I wrote the paragraph I refer to, I delineated: 

nature as well as I do now; but, as I there gave only a general 

ſketch, without referring to particular caſes, what I then de- 
kvered may have been looked upon as little better than hypo- 
thetical reaſoning, whereas in the preſent inſtance this objec- 
tion is intirely removed, ſince actual and rants facts are: 
| brooght to vouch for the truth of every inference. 
| Having then eſtabliſhed that the cluſters of dars of the wy 

Form, and round nebulz, are of a ſpherical figure, I think 
myſelf plainly authorized to conelude that they are thus formed 

by the action of central powers. To manifeſt the validity of 

this inference, the figure of the earth may be given as an- 

inſtance: Whoſe rotundity, ſetting aſide ſmall deviations, the 

cauſẽs of wllich are well known, is without heſſtation allowed: 
to be a phænomenon deciſively eſtabliſhing a centripetal-force.. 

Nor do we ſtand in need of the revolving ſatellites of Jupiter, 

Saturn, and the Georgium Sidus, to aſſure us that the ſame- 

powers are likewiſe lodged in the maſſes of theſe planets. 

Their globular figure alone- muſt be admitted as a ſufficient 

argument to render this peint uncontrovertible. We alſo» 
apply this inference with equal propriety to the body of the 

fun, as well as to that of Mercury, Venus, Mars, and the 

Moon ; as owing their ſpherical ſhape to the ſame cauſe, And 

how can we avoid inferring, that the conſtruQion of the cluſters. 
of ſtars, and nebulæ likewiſe, of which: we have been. _ 
ing, is as evidently owing to central powers; 

Beſides, the ſtep that I here make in my ene is in fact 

a very eaſy one, and ſuch as ought freely to be granted. Haye 
I not already ſhewn that theſe cluſters cannot have. come to 


4 Phil. Tranſ. vol. LEXV, p. 214. 


's 


8 


Jet 4 * 7 is 
4 *®, P i * 2 + N £ bw ns 
* * 1 9 * if J a WEL 2 6 ** fe 4 oo FJ % e F 
F * 0 I * n *. * ö 7 
2 2 * A OT. a) 0 0 
* 


280 Dr. Hlesscart- 5 . f 55 | F 9 


their preſent formation by any random ſcattering of ſtars? 
The doctrine of chance, by expoſing, the very great, odds 
againſt ſuch hypotheſes, may be ſaid to demonſtrate that the 
ſtars are thus aſſembled by ſome power or other. Then, what 
do I attempt more than merely to lead the mind to n þ 
tions under which this power is ſeen to act 
In a caſe of ſuch conſequence I may be reed 2 to be a 
little more diffuſe, and draw additional arguments from the 
internal conſtruction of ſpherical cluſters, and nebulæ. If we 
find that there is not only a general form, which, as has been 
proved, is a ſufficient manifeſtation of a centripetal force, 
what ſhall we ſay when the accumulated candenſation, which 
every where follows a direction towards a center, is even viſible 
to the very eye? Were we not already acquainted with attrac- 
tion, this gradual. condenſation would point out a central 
power, by the remarkable dif poſition of the ſtars tendin g 
towards a center. In conſequence of this viſible accumulation, 
whether it may be owing to attraction only, or whether. other 
* powers may aſſiſt in the formation, we ought not heſitate to 
aſcribe the effect to ſuch as are central; no phænomena being 
more deciſive in that particular, than thoſe of which 1 am 
treating. 1 TE - 
Tam fully aware of the ene I ſhall draw upon 
1 myſelf in but mentioning other powers that might contribute 
to the formation of cluſters, A mere hint of this kind, it will 
be expected, ought not to be given without ſufficient founda- 
tion; but let it ſuffice at preſent to remark that my arguments 
cannot be affected by my terms: whether I am right to uſe the 
plural number,—central powers, or whether I ought only to 
ſay,. the known central force of gravity, my concluſions will 
be — valid. I will however add, that the idea of other 
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cited avert concerned in the conſtruction of the fides * 
real: heavens, is not one that has only lately occurred to me. | 
Long ago I have entertained a certain theory of diverſified cen- 
tral powers of attractions and repulſions; an expoſition of 
which I have even delivered 1 in the years 1780, and 1781; to 
the Philoſophical Society then exiſting at Bath, in ſeveral 
mathematical papers upon that ſubject. I ſhall, however, ſet 
aſide an explanation of this. theory, which would not only 
exceed the intended limits of this paper, but is moreover not 
required for what remains at preſent to be added, and therefore 
may be given ſome other time, when I can enter more fully 
into the ſubject of the interior oonſtruction of ſidereal ſyſtems. 
Jo return, then, to the caſe immediately under our preſent 
eonſideration, it will be ſufficient. that J have abundantly 
i proved that the formation of round cluſters of ſtars and nebulæ 
is either owing to central powers, or at leaſt: to one ſuch force 
as refers to a center. 
T ſhallf now extend: the . of: my  argroment, "RE taking 
in likewiſe every, cluſter of ſtars or nebula that ſhews a gradual 
condenſation, ar encreaſing brightneſs, towards a center or 
certain point; whether: the outward ſhape of ſuch cluſters or 
nebulæ be round, extended, or of any other given form. 
What has been ſaid with regard to the doctrine of chance, will 
of courſe apply to every cluſter, and more eſpecially to the 
extended and irregular ſhaped ones, on account of their greater 
ſize: It is among: theſe that we find the largeſt aſſemblages of 
ſtars, and moſt diffuſive nebuloſities; and therefore the odds 
againſt ſuch aſſemblages happening without ſome particular 
power to gather them, encreaſe exceedingly with the number 
of the ſtars that are taken together. But if the gradual accu- 
mulation either of ſtars or encreaſing brightneſs has before 
Vor. LXXIX, L I been 
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* ho es 28 4 direction to the ſeat of power, the "on i 
| effect will equally point out the ſame cauſe in the caſes nom 
under con ſideration. There are beſides ſome additional circum - 
ſtances! in the appearance of extended cluſters, and nebulz, 
that very much favour the idea of a power lodged in the 
brighteſt part. Although the form of them be not globular; 
it is plainly to be ſeen that there is a tendence towards ſphericity. 
by the (well of the dimenſions the nearer we draw towards 
the moſt luminous place, denoting as it were a courſe, or tide 
of ſtars, ſetting towards a center. And—it allegoral expreſſi- 
ons may be allowed—it ſhould ſeem as if the ſtars thus flocking 
towards the ſeat of power were ſtemmed by the crowd of thoſe 
already aſſembled, and that while ſome of them are ſucceſsful 
in forcing their predeceſſors ſide ways out of their places, others 
are themſelves obliged to take up with lateral fituations, while 
all af chem ſeem equally to ſtrive for a place in the central 
ſwelling, and generating ſpherical figure. 1 
- Since then almoſt all the nebulæ and cluſters of ſtars 1 have 
feet, the number of which is not leſs than three and twenty hun- 
dted, are more condenſed and brighter in the middle; and ſince, 
from every form, it is now equally apparent that the central 
accumulation or brightneſs muſt be the reſult of central powers, 
we may venture to affirm that this theory is no longer an un- 
founded hypotheſis, but is fully eſtabliſhed on 3 which 
cannot be overturned. 5 
Let us endeavour to make ſome uſe of this i important view 
of the conſtructing cauſe, which can thus model ſidereal 
ſyſtems. Perhaps, by placing before us the very extenſive and. 
varied collection of cluſters, and nebulz furniſhed by my cata- 
logues, we may be able to trace. the progreſs of its operation, 
in the great laboratory of the Univerſe. 


* 
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_ _—_ — nay nebuleæ were all: of the fame RY -and 
had the ſame gradual condenfation; we ſhould make but little 
progreſs 1 in this 1 inquiry; ; but, as we find ſo great a variety in 
their appearances, we ſhall: be much ſooner at a loſs how to 
account for ſuch various phænomena, than be in want of ma- 
terials upon which to exerciſe our inquiſitive endeavours. 

Some of theſe: round cluſters conſiſt of ftars of a certain.” 
magnitude, and given degree of compreſſion, while the whole 
cluſter itſelf takes up a ſpace of perhaps 10 minutes; others 
appear to be made up of ſtars that are much ſmaller; and 
much more compreſſed, when at the ſame time the cluſter 
itſelf ſubtends a much ſmaller angle, fuch as 5 minutes. This 
= diminution of the apparent ſize, and compreſfion of ſtars, as 
well as diameter of the cluſter to 4, 3, 2 minutes, may very 
conſiſtently be aſeribed to the different diſtances of theſe clu- 
ſters from the place in which we obſerve them; in all which. 
caſes we may admit a general equality of the ſizes, and com- 
preſſion of the ſtars that compoſe them, to take place. It is 
alſo. highly probable that a continuation. of ſuch decreaſing 
magnitudes, and encreaſing compreſſion, will juſtly account 
for the appearance of round, eaſily refolvable, nebulæ; where 
| there is almoſt a certainty of their being cluſters of ſtars. 
And no Aſtronomer can: heſitate to go ſtill farther, and extend 

his ſurmiſes by 1imperceptible ſteps to other nebulæ, that ſtill 

preſerve the ſame characteriſtics, with the only variations of 
vaniſhing brightneſs, and reduction of ſize. 

Other cluſters there are that, when they come to be com- 
pared with ſome of the former, ſeem- to contain ſtars of an 
equal magnitude, while their: compreſſion appears to be conſi- 
derably different. Here the ſuppoſition of their being at dif- 


ferent diſtances will either not explain the apparently greater 
244-2 com- 
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compreflion, or, -if; admitted to do this, will / canvey to us 2 
very inſtructive conſequence : Which is, that the ſtars which 


are thus ſuppoſed not to be more compreſſed than thoſe in 
— former cluſter, but ouly to appear ſo ou account of their 


effects proportional to the time of its action. Now, as it has 


——— —ñ — —— —98—Lj́ A — . 
wy gr 2 r 1 . ww LIE «8 8 — — 


— 1 ̃ —iL—j—A— ar —ñ—Un 


b * * 
A 
— AAA ̃ ² ?: ³ↄWBS2 W 22 


greater Yiſtance,- muſt needs be proportionally larger, ſince 


they do not appear of leſs magnitude than the former. As 
therefore, one or other of theſe hypotheſes muſt be true, it is 


not all improbable but that, in ſome inſtances, the ſtars may be 
more compreſſed; and in others, of a greater magnitude. 
This vatiety of ſize, in different ſpherical cluſters, I am how- 
ever inclined to believe, may not go farther than the difference 
in 'fize, found among the individuals belonging to the ſame 
Apecies.of | plants, or animals, in their different ſtates of age, 


or vegetation, after they are come to a certain degree of growth. 
A farther inquiry into the circumſtance of the extent, both of 
condenſation and variety of fize, that may take place with the 
ſtars, of different cluſters, we ſhall poſtpone till other things 
have been previouſſy diſcuſſed. 

| Let us then continue to turn our view to the power which 
as 3 the different aſſortments of ſtars into ſpherical 
cluſters. Any force, that acts uninterruptedly, muſt produce 


been ſhewn that the ſpherical figure of a cluſter of ſtars is 
owing to central powers, it follows that thoſe cluſters which, 
ceteris paribus, are the moſt compleat in this figure, muſt have 
been the longeſt expoſed to the action of theſe cauſes. I his 
will admit of various points of views. Suppoſe for inſtance 
that 5000 ſtars had been once in a certain ſcattered ſitua- 
tion, and that other 5000 equal ſtars had been in the ſame 
fituation, then that of the two cluſters which had been longeſt 
expoſed to the action of the modelling power, we ſuppoſe, 

7 | would 
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um Nebule and Cliftets of Stars," 238 
would * wel condenſed, and more advanced to the maturity 
of its ſigure. An obvious conſequence that may be drawu 
from this conſideration is, that we are enabled to judge of the 
relative age, maturity, or climax of a ſidereal ſyſtem, from the 
diſpoſition of its component parts; and, making the degrees 
of brightneſs in nebulæ ſtand for the different accumulation of 
ſtars in cluſters, the ſame concluſions will extend equally to 
them all. But we are not to conclude from what has been 
faid that every ſpherical cluſter is of an equal ſtanding in re · 
gard to abſolute duration, ſince one that is compoſed of a 
thouſand ſtars only, muſt certainly arrive to the perfection of 
its form ſooner thau another, which takes in a range of a 
million. Vouth and age are comparative expreſſions; and an 
oak of a certain age may be called very young, while a co- 
temporary ſhrub is already on the verge of its decay. The 
method of judging with ſome affurance of the condition of 
any fidereal ſyſtem may perhaps not improperly be drawn from 
the ſtandard laid down page 218; ſo that, for inſtance, a 
cluſter or nebula which is very gradually more compreſſed and 
bright towards the middle, may be in the perfection of its 
growth, when another which approaches to the condition 
pointed out by a more equal compreſſion, ſuch as the nebulæ 

I have called Planetary ſeem to preſent us with, may be 

looked upon as very aged, and drawing on towards a period of 

change, or diſſolution. This has been before ſurmiſed, when, 
in a former paper, I conſidered the uncommon degree of com- 

preſſion that muſt prevail in a nebula to give it a planetary 
aſpect; but the argument, which is now drawn from the 
powers that have collected the formerly ſcattered ſtars to the 


form we find they have affumed, muſt t greatly . that 
ſentiment. | 
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6 Dr. n an Cebu a cons been | 
+ This method of viewing the [heavens ſeems to throw them 


Y into a new kind of light. "They now are ſeen to reſemble' a 
luxuriant garden, which contains the greateſt variety of pro- 


ductions, in different flouriſning beds; and one advantage we 


may at leaſt reap from it is, that we can, as it were, extend 


the range of our experience to an immenſe duration. For, to 


continue the ſimile I have borrowed from the vegetable king- 
dom, is it not almoſt the ſame thing, whether we live ſuc- 


. cefively to witneſs the germination, blooming, foliage, fecun- 


dity, fading, + withering, a 


and corruption of a plant, or 


| whether a vaſt number of ſpecimens, ſelected from every ſtage 
through which the plant paſſes in the courſe * its re 
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1 dy 
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, * 
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3 590 Ceri p23. 
2114 Triang. If 


2802 


* 2 Come 


26 90 (e) Piſeium f 
Nov. 26148 (/) Eridani ? 
Dec. 11200) Caſſiopſ f 
2929 (0 Virgin p| 


, 0 * K tn. a * 
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De: nde. One _ 7 a bes me, 


1786 | Stars. 
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Deferiprion. 


32 Eridani ＋˙1 i 
12 (9) Perſei| p 


q Al 


3! Leo. min. 


— 


53 ; (6) Urſz | 1 
13 Canum | 


38 (20b)—- ; 13 


15 


24 (8) 


p [20 


24 


3 57 


1 


I |vB, E. ſp nf. Sf in it 20 p. 


5 


cB. L. 


| 
, 
; 


ck. mE. 50% np ff. viBM. 


I. = 
B pL. E ap ff. vgmbM. 3 L. 2 b. 


B. vL. E. ſp al. above 15 


cB. S. gmbM. 

mE. 127 ſp nf. vBN. near 10 
L. E. par. nb M. 71, 3'b, 
pL. IR. vgmbM. 

'F dia. 


B. "oY 
B. 
cB. 


vB. R. vgbM. 1 


B. cL. E. ſp of, vgBN. F. bran. 


B. pL. iR. 
NJ: 
eB. L. mE. 45 ip nf. N. 2 1. 
r : 


1 


0; IcB, E. 30 np if, mh. 7401 oh 


| 


| 2 vB. S. R. mbM.- 


vB, BN. not M. or 2 Joined the 
n. N. | 


ſeB. R. BN. 1 27 
cB. R. vgbM. 8” dia. 


dia. eſt, in it, 
unc onnected. | 


ck. E. "ip of, ſow B. in p. Inn. 
de rp 


n. woke E. ſp af.. Both join yo 

form the letter 8. 

Two. The n. vB. vmb M. The ſ. 
pz. Their nebul. run together. 


pL. iR. mbM. 
L. iR. or IE. 


5 8. R. pſmbM. 
1 5 pL. R or IE. vgbM. 3“ np. 
|L the 51ſt of the Conn. des Temps. 
e B. E. 30 ip nt. BN. vgF. branches. 


B. IE. par. mbM. F. bran. 14 J. 
[eB. el. E. ſp nf. broad. 
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L. | 1787 | Stars. 43 [ M. — — Deſeription, ; 
| — — i | as ns ns Ummm 
1 7 Two. The ſ. eR. eL. The n. B. 
en 11 32 b ul 8. ditt. 14 is nods, P 
. 14] 3 Lacertz p 80 * n . al 3B. iF. 3 J. 2˙ I b. Nebuloſity. 

0 r Two cloſe together. BothvB.dift. 
192} Nov. And 1 26 — 4 
93 3 5 E | wed © Þ i 2". ſp uf. One is 76 of the Conn. 

[ 1788 | : 14 1 | — ok 

Jan. 14/56 Urſe ff 3 19 n 2 vB. eL. mE. mer. BN. 6/I. 2 b. chev. 

07 — If] 4 49 [al | 2 E. vBN. and F. branches. 
— . n | 2 |cB. eL. iF. vgbM. ff. ſt. 
= R | , | { Two. The 1. vB. »L. iE. The 
| © Canum p 332 f f { n. B. pS.iF. diff. 12. 
15015 Leo. min.] f 32 1 f 2 (cB. mE. ſp nf. vgbM. 5 l. 2 or Pb; 
Feb. 5059 (2d e) Can] p 4 29 n I iv brilliant. mE. fp nf. 8 l. 3b. beauti. 
Obs 5 |f 2 ch. mE, ſp nf. near, wer. g L. 1b. 
. — 42 |n| 1 B. cL. R. pBNM. 
March 9 900 — 16 27 [n I ſeB. vs. IE. m. . 
1 f 22 18 = - 85 IbM. chev. ban. m. neb. 
* FFF 
[ 1 
1 _ a” cB. F. 45? np ff. 6&1. 4'b. al- 
—-| 3 E JS | x: ; 300 moſt equally B. | 
—— IP] ſ] 3 jcB. mE. 700 ſp nf. 6 or 7/1. 2'b. 
. — le} gab; {es | oontdrrad 
April 160 Urte It n 92e. 8. Ik. near. par. BN. e F. bran. 
| Iii Canum fl 5 471th 58 3 jcB. 8. R. M. f. vSft. 
* Urſse f 5o 50 f 58,1 [eB. pl. k. 
3 3 Tc]. ol . | \ vbrilliant. eL. Ef nf. diffic 
2719 (a) a 110 250 4801 { f. — =" uley 
May 1 17 (*) — '$ 117 1 561 cB. eL. n. ends 5 . 
5 Neb. II. 287 pl 3 271-111 14 1 (vB. cL. E. f. 2 it. * 
Second claſs. Faint nebulee. LEY, 
I. 2785 |} Stars. | N. 7 5. — Re 
„ — — ——— — 
403 April 26] 1 Comæ P 8 50 f 1 21] 3 f. " gs A 
405] —— — p 1 o fo 24 2 pB. pL. iF. IE. bM. p. peſt. 2 
| EE: 1 | pF. pL. mbM. 8 neb. joined to it. 
400 —po— p 6 3 ür YO or Ib. in the n. 
407 —— 6 4. 35] 2 pB. ps: E. . 
408 28061 Urſæ c 7 54 |aÞo 4 6| 2 ff. S. R. gbM. near 2 1 dia, 
gag May f—— - $63 $4 [08 25 Set ED, 
410] —114 Canum [pſ32 8 [o 14/2 [pB. L. K. {mbMer, 
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1 Deſcription.” 


bB pL. R. NM. 20 np. d. 
F. S. IE. glb M. er. 


oB. 8 8. R. bM. and E. on the edges. 


F. 8. IE. 
1 F. S iF. | 
pB. pL. IE. mb. 
| L |pB. pL. IE. b MV. 
1 ]ÞB. iR. mbM.. 
F. pL. 5 WY 
p. vs. R. vgmb M. 
r 
6 - iF. e B. 
1 [ÞF. pS. iF. bM. 
'1]F. . IbM. 
3 F. cS. iR. ſtellar 
Two. Thep. F S.iR:mbM.The fi. 

f r. vS.lbM.zorg diſt. Placeof iſt... 
no 47] 2|PB. S. iR. IDM. r. + 

FS Two. The f. pB. mE. par.mbM.. 
E 14] 1 } 4 1.1 b. The p. vE. ons. ined 
1 2 diſt, and pp. | 
2 |pB. S. IE. par. vgF. NM. 1/1. 
pB. cL. E..75. ſp uf. 30 J. 
pB. pL. bM. i. parallelogram. mere. 
IF. S. iF. bM. r. 
[1 F. 8 | 8. IR. bM. 

IF. ps. IE. 1. 2 or 3,uneq. . 
F. pS. E. 
pB. vL. iF. mbM. r. 
p. ps. mbM.. 

pB, pS. bM. 
1 F. 8. 
L F. 8. 1. 1M. or f. M. 
2 F. S. iR. IbM. 14 f. S. fl. 
F. pL. Iba. 
1 [F. iF. er. 1 b. 
5| 2 jpB. S. R. mbM. m. 

IF. 8. Two more. near it. See 
{ III. 592. 593. 
% 0: Two. Both ſtellar. within 17 diſt. 
F328 3}*Þ $351 { Nebulofities run together. 
| (Two BothF. S. IE. different direc- 
1 er. 2 or 3 "om each other. 
—[18 Ceti p| 5 33 [f Þ 59 1 I pB. pS. mbM. r. fl. 1:3 diſt. 
5103 (x) Aqua f 13 50 11 19 [F. pL, E. par. r. 
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4551 . |{ Two. The p. pB. eL. E. 1bM. 
456 + ae p i The f. eF. 18. E. 
457 — 161 (s) W p | 2 F. cL. IbM. 
8 6420 — 1 I |pB. R. bM. 
—— e 1 F. R. lbM. 
— F I |pB. S. IE. mb M. N, 
0 1x1 (£)Piſciu p 3 F. pL. iR. vgbM. 14 dia. 
— — — P 2 * R. dee 14 dia. 
— 144 Eridani p I F. v8. r. 
982 () Ceti |f 3 F. pL. iR. lbM. 
E [F | 3 [pB. cL. R. mbM, 
25 70% bci p | 1 ſpB. pL. if, 
—j6 — f #: & 3 Sg 
26149 Aquarii f 4 I F. ps. E. er. ſome of the ſt. viſible, 
22167 Ceti f 2 |pB. S. ſtellar. 
- 29/34 Piſcium Jt F. iF. 1bM. © 
27118 Ceti Jt] 1 F. pS. N 
247 — ff. 1 F. 8. iF, er. ſomeof the A, viſe, 
1 9 — pl 2 [pB. pL. I. IbM. 
—J83 () — f I pF. pL. iF. b. 
28158 Aquarii [ft]. | I F. pL. R. 16M. * 
A Ceti |P I |pB. L. I. Ib M. 
cn — 1 I |pB. mE. mer. 2 1. 
ll. 6» 1 |F. pL. I. 1bM. 
—153 (x) — y 2. I 77 ay 1's f. ho 
F 5 our. The p. 2, . E. s. 
„ | Thef. two,botk E.about = 
— —t|:7 56 ap 11 2 diſt, —— 
— — f 20 13 lu 1 F. S. E. | 
— — fi 8 J*Þ 7] 1|F, L. iF. b. 
= — — fo 23 fp õ5 1 F. S. iF. bMW. 
20 23(2d Arie fl 3 36 [nc 1 F. S. IE. contains 3 l. uncon. 
7106(4 - )Canc fl 8 IO [nic 41 pF. mE. r. T3 1 'E b. 
1 min. 13 13 11 * 1 pB. pL. iF. IbM. —— 
—— — —-|f] : 47 || I |ÞB. . M3 
— — — f 13 7 ne 1 F. 8. 
—[46 Urſe Ip 3 47 fo 36] x pB. pL. iR. 
28] 3 Leonis f 3 34 [un 1 F. pL. E. iF. 
1900 Virgio| f 11 52 ff F. 
0 27 n ; I p. vS. 
| | 1 
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TF 29 37 n 
31 37 f 
b 24 |n 
f 134 16 $1 
400 rater fis 25 [f 
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— — 1 6 52 jn 
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Deſe ription. 


„L. er. ſome |. vikble. 
8. R. vSpBN. 

. eS. ſtellar. p. pBſt. 
8. iF. mbM. - 

8. IE. mbM. 
8. I. ſp nf. ſmbM.. 
S. IE. lb (FM. | 
KW 


IE. b 
M. bsi. 


F. pL. lb M. 6 or 7“ l. 4 
pB. vL. glb WM. 
F. mE. np ff. 2“ I. à b. 
pB. mE. . 21. 17 b. 
F. pL. iR. er. 

pB. eL iR. 5 
1 pB. cL. . gbM, 
1 pB. 8. mbM, 


F. pL. E. ſp nf. 21. 1b. 
1 F. or pB. 8. bM. 
1]F, S. iR. lbM. 


b. 


2] 2 |pB.. pL. R. b. | 

Two. The p. F. S. E. Tbe f. F. 
All S. E. in a different direction. 
712 F. S. E. par. er. 

283 F. vs. iF. ſmb M. er. 

2111 F. ps. iE. r. 1“ ſp. Sft. 5 
171 F. vS. iR. bM. almoſt ſtellar. 
311 F. S. iF. lb M. p. 2 Sſt. = 
2711 [F. pL. IE. ” 

511 F. cS. R. IlbM. 

12] 2 |ÞB. S. | 

12]1|F, 8. lbM. 

811 F. o% — 9 

19 1 F. 8. . 

1202 |pB. pL. E. b. l. M. 3. 
2 F. pL. IbM.. SE 
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F. 
pB. vs. 
2 8. IE. lbM. 
Two. Both F. 8. The place 1 in- 


aceurate in RA. 


5 ths nebule. - 


F. pL. mE. np ff. but near. par. 
B. vL. i F. IbM. 

4 Two. Both F. S. IbM. cBſt. be- 
tween, but 1 T f. of them. 
* IR. f. vSſt. 


. pL. er. A 
pL. iR. b. ſ. M 
pk. L. iR. vgmbM. 

F. mE. —_— Jl. 1 be 
F. * met. 3 J. f cB.. 


S. bM. BJ 
pB. iP. bM. 
pB; S. R. mbM:. 
pB. eL. iF. IbM:.. 

ps. E. * See note. 


ey are ſeat-- 
tered about. The place is that 
of the laſt. 


Th 


© 26 1 A nebula. 


Teak ae, 


F. S. IE. r. p. 2 veſt. 


pB. cL. IR. mb M. 


1 F. 8. IE. like 2 ſtellar, -inedtlofely 
p. 8. making a triangle with 2 Bft. 


x 8. 
wo. The {.pB. pL.R.gbM. The- 
n.eF.cL diſt. 2. The place is of i. 


1 F. ler th 2'1.3 b.f.ft6m.16”in time. 


pB. S. E. nearly par. bM. 
pB. cL. gbM. er, undoubtedly it.- 


| F. S. iE. r. 


pB. S. iF. | 
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Sept. 4124 (8) Ariet 


627] Jan. 11/55 (3) Gemi | 


-628 14] 6 Comz 
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june 301 Ophiuchi 
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"Y 
n nn. 2 


2s s 


{x k. S. bM. 1; Sd. 


5 0 06 0 Eq 5 0 an 
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2 . land . nearly par. 1bM. 


S. E. * in a ro with ſome ſt. 


6 F. 
1 F. pS. E. or, 


pB.mE.np ſf. but near. mer. IbM. 
r. 5 l. 4 b. alſo ob. 1784. 


7 F. 8. . 


8 
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5 ICY 5 8 


| F. 8. IE. par. bM. 
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n. F. cS. R. b. 
F. S. 1bM. 
F. L. vglbM. 
S. ſtellar. 
pB. eL. pmE. mer. . 1 1 . . 
F. S. iR. bM. L. ſtellar. 
F. E. np ff. 1bM. 1 141. 
F. R. bM. er. 
F. S. E. mer or few deg. np ſf. lb. ſ. M. 
F. IE. J ar. 1 121 
pB. mE. 2 Pf af, 21, 
bB. 8. Ik. mbM. 
„8. iF. IE. ſp nf. 
1 pB. eL. E. 
1 F. 
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I F pL. R. vgbM.. + 
I |F, L. IbM. 4 dia. 

I F. S. bM. 

t|F. pS. iR. vgbM. 

IF. vL. bM.. 


360 1 [F. L. iR. 1bM. time inaccurate. 


1 |pB. S. I. ſp nf.. See note. 
I p. cS. r. 
1 F. vs. r. with as the ſame.. 


bl 2 IF. vS. 
ol 2 pB. S. E. 


I |F. pL. gb M. r. 


| hot pB. S. R. mbM.among ſcattered ft.. 


I |pB. S. R. mbM, 
I |pB. L. iF. uneq. B. 3. or 4 dia. 
Ny P. 8. F. 


13 F. 8. E. nearly mer. r. 
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1 pL. iE. er. 
„p. r. 

x pk. vS: mb M. ju v. peſt. 
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E. mer. 14 1. 


2 x [pB, E. np ff. bM. 131. 
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1 pF. vs. mb. 

F. S. R. juſt np. V. 42. 

pB. pL. R. mbM. 

pB. vS. ſtellar. juſt p. 8 ft. 
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B. vs. IE. bM. 

F. E. par. miniature of I. 0. 
pL. vgmbM, 


pB. 
B. pL... 
B. pL. E. 
F. ps. bM. 
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3 
683 | © 
685 2 1 
686 3 10 
687 — 4 6 - 
685] May 11 130 
689 11333 147 
090 22 (+) Hercu|f| 


85 8 Unis HC 


37 Lyncis 
56 Urſe |p| 
27 (7 Bootis j 
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F. pL. W. and 


18 pS. IE. mbM. 
1 [pB. cL 
IB. S. E. 


C F - pL. R. 
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; 1 pri 41 ſſo 42] 1 F. vs. IE. better with 240. 
3 (2) Virgin p16 10 no 35 2 F. S. R. bM. 
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242 Hvdræ | ſ O 511 1 VF. 8. E. 
. 44 a 1 1h 45 1 F. PS. IE. : | 
—[|12 (+) Crater 1 2 22 cF, pL. IR. Ib. near M. 
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— 300g) Hercul 1 vF CS, 350. ſhewed2vSit.with nebu. 
— —— F, 68. 
— —— 1 F. 78. 
19/70 Virginis 201 |vF, 5. iF, time l. inaccurate. 
S (v) Bootis | F. 78. E. — "af 300. | 
—|30 (4) — F. vS. 1bM. betw. 2 Ff. 300. 
28 () Serpen F. S. IE. 
2044 Lyncis IF. vs. verif. 300. £ 
—P3 Caoum | N 11. 

April 9019 — 
—— — . ps. IbM. *forgot, butis 5,6, ory. „ 
3 — uv F. vs. lbM. 

1 1 1 Both vF.vS. E. in differ. di- 
ö a reQtions.2.0r3'diſt, ain 
— — — 1 F. vs. 1. | 

— — 114 F. cs. 1 

— [w— ff 1e. 1 a 

11029 (y) Virgin] f | 11 |vF. pL. _ 

— — — IF. S. iF. 

15199 (2). — n | 2 eb. . R. vb. r. 5 dia. 
—1102( iſte) — Ip. I ſe F. vs. 
— — — — p. 2 fe F. vS. verif. 300. 2d obſ. v. 3. 
whim 105 (0) I F. 8. T. 

May 761 — 1 vF, | 
— — I jvE, 

—| 8 Libre ICF. 8. R. ſp and joining 281. 
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ee le and Coir of fun, 
1787 | Stars. 11 | Deſcription. 
May 12119 (x) Bootis| p 3 (cF. vs. ſtellar. 300. 
fn = ———|P| 1 fe. 8. R. or JE. 
wo — 2p Nef. 8. NX. 
—38(2d 5%) — 4p 1 F. ps. iF. fp. 2 8. unequal f. 
15124 (3) —— 18 F. cS. E nearly par. 
—— — — 8 VF. ps. EK. 
| . Two. The p. vF. vs. The f. 
* | eF. ed. ® See note, 
42 Herculis |p| 2 F. S. R. IbM. er. near ſome Sſt, 
16 ˙ C Cann m. f | I F. vs. IE. * See note. 
nf — Fl] 1 e F. cS. E. ſp. Sſt. 
— c-— w_—_{ f | I — pL. iF. 
4 x |vF. vs. R. : 
—[27 () Bootis| p 2 „F. cS. R. ſbM. 
—— —— f | I e F. cs. 1bM. 
. I [cF. pS. another ſuſpec. 2 * 
— 1601) Coronæſ f | I JF. cS. iR. ; 
1 (1) Hercu p I ſeF. cL. iE. nearly par. 
19% Libr⸗ pb | 1 |vF. cS. IF. IbWM. 
—— F I e F. ſmbM. ſtellar. 
Aug. 12 YAquari F I e F. E. np ff. 2/1. 1'b, l 
Hg — 1e F. vs. 360 confirmed it. 1 
Oct. 11050 (F) Caffio| f I |vF. vs. iR. bM. 
10 Camelop p r ſeF. pL. iF. 
$17 (5) Cephel p| 2 F. 8. R. Ib. 1. r' an. 


p. E. ap if. 91 10 b. 

_— > 

vF.S. iF. 

cF. L. IE. mb. ſ. M. 1 115. 
„F. vS. iF. 

F. vo. 3 

vF. vS. perhaps a patch of ſt. 
eF. vd. perhaps a 291 of Sf. 
vF. 

vF. v8. IE. ſ. cBſt. 

vF. vs. another ſuſp. ſf. e F. ed. 
„F. vs. in a line with 2 ſt. nf ſp. 
vF. R. vgbM. 24 dia. 

vF. iF. 2'E1, I'Z b. | 

eF. E. ſp nf. 311. 24 b. 

F. CS. r. P. ſome Fſt. 

F. CS. IE. 

cF, c8. E. 

eF. PS. 
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40 Bae Coagur fee ren MG 
n 1787 * Stars, 


"-0T *: 9 
4 i 


* 11 M. 89 . *. 5 wee 1 
71 March 963 0 Urte fl 5 202 260 1 |vF. vs. 
- p14 1 Þ 3711 fer. mE. nearly mer. 71 
. 718 oy i. ſſo 51] 1h|F. vs. 12 
| 22 „ . Twe. Both vF. vs. diſt. 17 in 
720 n P |! 1 , 15 the ſame meridian. 
1721 ares. ns f] 1 21] 1 KF. 8. 
722 149 (g) Virgin p| [fo 21 f fer. 8. 
7234 April xjNeb. II. 728. p [fo 21 ſeF. vs. 
7244 61 Virginis f 1% 230 1 fer. v8. F. 
725] 60 Urte "F'E1 {ſt 14] 2 |eF, eL. R. IbMy.7/ dia. 
20 3 F ſſo 3412 |vF. ps. R. 
35(s)Hereul|f | n |o. 14] 1 |cF.S. E. par. 
1342 N bf Fran 400 n o 541 IF. cS. iK. 
27119. (>) Bootis| p [113 280% 3[1|\vF.sS. 
| 28 27 0 Hercul f LS - 6[nſo 2 1 ſek. VS. E. 
; 4 p15 47]n|1 16{1]vF. vs. 
P| 25 33]n|2 22] 1 F. vS. IE. 
p| 9 25|nj2 4 1 F. vs. 
28 52 n z. 8| 1 ſe F. ps. 
F 30 17 fl 2 18 PI. with 300 F. 
ibr| f 1 4-14 59 1 F. pL. E. mer. IbM. "” 
is f. 49 59 f 46 1 F. vs. ſtellar. 
3 $112 ( f | 17 6|'n 4.4; 1 F. __ 
2114 () p 32 3g no 57/1 vF. R. vgbM. er. 3 dia. 
5 (A) ——|p| 10 143 21 I. c F. pL. iE. 
31 (1 7)— p 13.0 5 1e F. ſtellar. with 300 IE. par. 
*B Draco7m.| f. % 27] 1 F. ſtellar. verif. 300. See note. 
: 30/1 Aquila TNC 4 n [0,26] I cF. iR. r. 3 or 4 — 
2651 — Ip | 8 n %o 291 vF. pL. R. vgmbM. 
2 [27 (3) Cepheiſ f | 1 24] I F. pL. iE. er. 
— Camelop. f [fo 3801 F. Fa A Ss ae 
„ 5 FI go C 1 er. ome 
*. 3ſ*22Cam Hep 5 [ 2 811 { wry Ses note. 
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Fourth pr a Planetary nebulz. 
Stars with — with milky cherelure, 1 with hoc rays, remarkable ſhapes, Ke. 


May | 
Oct. 


"798... Stars. 


1114 Canum 5 


150 Aquarii 


562 (% Eridaniſf 


P. | | 


188 


pl 


12 


4 


„ 


Deſcription. 


F | 2 Two ft. diſt, 2 -connefted with a: 


VF. narrow nebuldſity.. 
F. S. ſtellar. with pL. chev. 
vB, vs. mbM, like a ſt. affected 


with irregular burs. 


ſt. with m. chev. or vBN, with 
m. nebuloſity. : 


= 34 


Sterne. | 


7 1 * . * # 
" N eee N 3 4 N 
; N _— ——— enn! 
* 1 * — * = ** 
o 
- $ 3 * » 4 » 
* * - 


- N * Y yer 7 F > K pe 
= V . ” 4 4 . * 1 a 4 TY oe — . „ " \ Y * * 18 N 2 =_ * 
5 2 8 * : = 25 ** , — 7 25 — , __e 7 
- - * * 5 J \ » o o 
"Ros * | 
: G g 

* * v ; 

h * 4 . - | n 3 ; 5 4 1 ; 

* | "oy * c a ls | - — Stars. 8 14 

® 4 . F W . I | 
. : 


Dee. 28 55 18 


28 (s) Draco | 


"wot 


x 9 Hydræ |p| 8 


Orionis P| 


| fined edge. With long attention 


| B. 8. vearly R. Ike a ſt. with L. 
Alia. with 240 hke an ill defined 


| planetary neb. 


[a s fl. with a bruſh ſp. FS. it re- 


ſembles fig. 7- Phil. rant. Vol. 


A |, affected with vF. extenſive m. 
chev, The ft. not quite central. 


1 A planetary neb. vB. has a diſk of 


about 35” dia. but very ill de- 


0 
| \ 
; = 5 "EP 


2 F [I 
| 3 — ip]. 


a vB. well defined R. center be- 


comes viſible, 


B. R. r. within . 46th of 8 


| | Cormoifſi. des Temps Sued of = 
I equal light throughout 2” dia. no 


connection with the cluſter, winch 
is free from nebuloſity. 


A pBſt. with a ſeeming bruſh to it 
np. may be avS neb. cloſe to it. 


double ſt. with extenſive nebu- 


| loſity of different intenſity. About 


the double ſt. is a black opening 


| reſembling the neb. in Orion in 
| miniature, | 


mer each branch Ro 


* 3 | ) < 


A ſt. about $ or 8 bran. 


very remarkable phænomenos. 


I I pB. almoſt cB. vs. ſtellar, like 2 


| ſtar with burs. 


bur all around. 


E. ſp nf. 1 I. 300. 
pB, ſtellar. like a ſt. with a 8. bur 
all around, | 

vB. R. 
with a F. r. margin. 


pb. m. e of 
| dk ups, all around, A 


2 Ph 8 ain N 
. 2 —— . 1 2 * 
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* OG — A'S - . , ws . — 
5 F*S Da — — 5 2 . — to-we — ——— 
% 3 ** 
a. - — S* 
e 8 


»B. ſlellar. reſembles a ſt. vith a 
Art affected with F. nebulofity, 


4 dia. almoſt — B. 
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1 Stars. 


. 
Aug. 6/01 00) Sagitt] p 


| 


10 Camelop | 


pe „ 


| Mts 14 67 Urſæ 
Jeb. 0134 — 
bee 


| Nov. 3 ce 4 0 
7 86 42 


Nov. a 5 24 Cephe ei f 


p q 4 ** 4 rn 
* n - >; IT . E 
. p A” a ** 2 od tg; - * 7 ” — 
x Ly 4% * 
7 — a 3 K 


D Hansens, ” cus. m a * 1 — 
rf 


Deſcription, ; 


% 


: 
"2 


13 30% 1 23 2 1A cB. 8. beautiful planetary ne- 


7 ifth claſs. "Mow large nebulz. | 


bula; but c. hazy on the edges, 
| of a uniform light; 10 or 15” 
. | dia. perfectly R. 1 ſhewed it 
| M. DE La Lanpe. 

A ſt. ꝙ m. with vF, * of 
8. extent about it. 

2A pB. planetary nebula, near 1” 
dia. R. of uniform light and 
pretty well defined. 2 obſ. with 
360 magnified in proportion; but 
ſtill pretty abruptly defined, and 
. little elliptical, 


B. S. N. with F. chev. . 
pB. R. almoſt of an even light 


I throughout, approaching to pla- 


netary, but ill defined and a little 

fainter on the edges 7 or 1“ dia. 

| P. 10 pc |, 1 55 

cz. iR. cBNM. with extenſive cher. 

„ 

AvS. F. ſt. involved in eF.nebulofity. 

A ſt. 9 m. ſurrounded with vF. m. 

| | nebuloſity, The &. is either dou- 
. ble, or not R. Leſs than 10 — 


8. 


1 
28 Ld 1148 0 Orion 


5. 1.550 


Ff 1 30 al 


Deferiptione” D 


2] 1 [Four or five pL. ſt. forming a tra- 


pezium of about 5' dia. 
The incloſed ſpace is filled up 
with faintly terminated m. ne- 
buloſity. The ft. ſeem to have no 
connexion with the nebuloſity. 


3 2 [cB. mE. par. 8“ I. 30 b. 


6 2 [Some pBſt. 7 or 87 ip. 15th Monce. 
I are involved in eF. m. nebuloſity 
| which loſes moe imperceptibly, 


fſ2 46 n ſo al 2h F emartable m, nebulofity, = 


| vided in 3 or 4 large patches, 
| including a dark ſpace; 5 Cannot 


29 


ks 


2186-1 Stars. | INM. 8. — 8 | Deſcription. 7.5 
| | I raxe up leſs than 3 3 dut 
; 3.14: | Mz I ſuppoſe it to be much more 
— CCW | | extenſive, 
29] 2161 Urſe ff 45 33 |[ſÞÞ 40] 1 EF. L. vibM. r. 10 1: $org' b. 
0 1804 cOrioni pl © © [njſo of 2 [The i and ad c Orionis, and the 
45 1 II | ſtars about them, are involved in 
eF. une qually B. m. nebuloſity. 
31 3144 ,) —jp] 9 © [nj 92 Orionis with its neighbouring ſt. 
| "ROM | | are involved in eF. m. nebuloſity 
FD 2-4 . | | to a great extent. 
32 Feb. 1128 (n) — | p17 26 | 1 2 jcB. vL. m. diffuſed and vaniſhing. 
5 3 1 near and ff. Bſt. | 
3 ee inne 71  [Diffuſed eF. m. nebuloſity. The 


means of verifying this phæno- 

| | menon are difficult. 

34 460) Orionis|p| © © [njſo H am pretty certain: Orionis is 

""- | | ws © | involved in unequally diffuſed m. 

I nebuloſi ty. 

40 4 Diffuſed m. nebuloſity, extending 
28 over no leſs than 10 degrees of 

. PD. and many degrees of RA. 

| It is of very different brightneſs, 


36 (v) f 3 39 
56 | 2 


| | and in general extremely F. and 
difficult to be perceived. Muſt 


14 probably the nebuloſities of the 


I 28th, 30, 31, 33, 34, and 38th 


| of this clafs are connected toge- 
ther, and form an immenſe ſtra- 


| | tum of far diſtant ſtars, to which 
| muſt alſo belong the nebula in 


Orion. 


Os. 17]35 () Andro pf 9 8 fp 


*S 
= 
BY - 

8 


JJ 1 Bp FE 20/ 1. 

24167 Cygni [fl 5 III IL. diffuſed nebulofity. bM. 7 o 
04 5 1181. 6b. and loſing itſelf . 

and imperceptibly. 


37 


38 Dec. 20019 (8) — ae 9 I Strongly ſuſpected nebuloſity of v, 7 


12. 35 7 P 57] great extent. Not leſs than 211“ 
| | | | | of PD. and 26” of RA. in time. 


ip af, vgbM, &'l, 3 b. 


1 


39 21/11 (8) Craterjſp| 8 15 o In mE. nearly par. or about 10" 


40 


” * | 1 % ; | 2 ? n — J | | | 4 l x 4 
| ; 4 3 9” 3 = ; . 4 > a”. £ | | 15 98 * 4 bg | 
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v. 1786 | Stars. 


ppl. s. br 


Deſcri ption. 


11 (8) Crater 


| 


: 
— — — 


6 Canum | 
2013 


1788 


—_— 8 * _— 


Ib . | 
2602 . mE. 155 


ſp uf. vibM. about 
| 7 . 4 b. 


2 E. 60 ſp nf. 200. 2“ b. 


—— 


1 4] I vB. mE. ſp nf. but nearly Par- 


1 mbM. 16'l, 


v brilliant. BN, with Fm. bran. 
| opſf. 15/1. and to the ff. running 
Into F. nebuloſity extending a 
great ways the N. is not. 5 

*% aF. branch extending a great way 
| to the np. ſide; not leſs than + 
| degree. and to the n. or nf. the 
nebuloſity diffuſed over a ſpace 
|} not lefs than a whole > degree. 


ä 


"Sixth claſs. Ver neff and rich cluſters of ſlars. 


F 


oa. 27 180). Auf 7 


21] Dec. 5 25 Gemino | 


ns 


Feb. 131 Monocero| P] 


—_ „ — U A — — — ys 
\ = 4 + nb — - « 
& » —_ — . : 
_— 


M$. +" 


fl | 


| Juno 4b 0 Sag P 


Additional Cl. Clufter, com. compreſſed. 
8 abbrevia tions. ſc. ſcattered. Cc. coarſely. 
S | 1785 * Stars. 1 % | a Obſ 7 ' Deſcription, — 


n C 23 2 ſeB. er dia. a great many 
8 of the ſt. viſible, ſo that there can 
remain no doubt but that it is a 
Ee I & EX - my 
150 1 Ia v. rich and v. com, Cl. ft. of 
about Ly dia. ſome of the — 
| K; are in a row. 


[133 


2 x5[C 


30 of 4 [A beautiful Ci. of much com. & 


conſid. rich. 10 or 127 dia, 
|} | | C. E. diſoosered it in 1783. : 
4 15 Ih 42 I In beautiful Cl. of vs. |. of various 
| fizes. 15 dia, very rich. 
15 56 n fi 1802 A v. com. and v. rich Cl. of esſt. 
I about 6“ I. 4 b. nearly par. 
5 gs| n|2 235 2 A beautiful com. and rich Cl. of 8. 
and L. ſt. 7 or 8' dia, the L. ſt. 
arranged in lines like interwoven 


26 


letters. 


Y 4 
1 


23 54 


1 new Nebile ond Clafers of Stars. || 
. 8. ZN 


.M 


—_ 


TA | 


— | 


2 | 


1 193 nA vF. ad 1 v. com. Cl. of eS. ſt. 


| 
20. 9 no 51/1 


IA v. beautiful and brilliant Cl: of L. 
ſt. v. rich. the M. contains a vacancy. 
Av. beautiful, brilliant Cl. of L. &. 

I. v. rich. near 1 degree in dia. 
A 8. Cl. of ve. and e. com, ſt. 
. | about 17 dia. The next ſtep to 
Ian er. neb. 


near 40 dia, 
A v. beautiful Cl. of much com. 
8. and L. ft. above 207 dia. 


i. the f. and moſt com. part R. 


{1 A com. Cl. of es. ſt. 
3 A beautiful Cl. of v. com. Sſt. vi. 


rich. C. H. diſcovered it 1783. 


1A beautiful Cl. of pL. ſt. near 15 


dia. conſ. rich. 


28] 1 A beautiful Cl. of p. com. ſt. 8 or 


9 dia, nearly R. c. rich. 


- * 
— * — 3 —_— I 


"Scventh claſs. "Pretty conch. aa 


fmall nw. 


Ied cluſters of large or 


7 A Cl. of 


| 73 — | PA. by N Bec 
; July 17 RAY 7 wy An E. Cl. of 1 1, ic, f. of various 
. >: - I | fizes. c. rich. 
002 1 Aquile p 5 49 1A p. com. Cl. of p. fe. ſt. 4. 
N R I | fizes, magnitudes, and colburs. iF. 


I and unequally com. 12 or 15 dia. 
. com. and 


A beautiful Cl. of 7 
equally ic. ſt. 10 or 120 dia. 


ſt. mixed with them. 


A 8. Cl. of p. com. vs. ſt. 
1A com. Cl. of pL, ſt. c. rich. 


2 A Cl. of p. com. pd. ſc. ſt. with many 


ES, 4 betw. them 7 or 87 dia. 


1 a Cl. of Prom. ſt. of ſeveral ſizes 


4 or 5“ dia. with extenkvely 


| ſtragglin 80 ones. 


3 
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ACl. of e. com. and es, ſt. c. rich 


p com. ſt. with many eS. 
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252 Dr. HsxScAAT's Catalogue of a ſecond Thouſand 
vn) 1786 sten. . M. 8. == W 


Deſeription. : 


— —ü— — 


26 Jan. 3 6 Monocero) f | 1 59 uf 71 A Cl. of es. and pm. com. ſt. with 
* „ 44 | | a few L. but not rich. in the 
=. | | - | | ſhape of a hook. 
27 Feb. 24 It — fz 13 [ff 2102 An i. Cl. of es. ſt. e. com. q or 1000. 
*Y oY = 40r 5“ b. with an extending bran. 
towards ſp. C. H. diſcov. 1783. 
A Cl. of ps. ſt. p. rich. 15 dia. 
A Cl. of vs. ſt. p. rich 671. 4 b. in 
FEY the form of a parallelogram. 
30 May 26} 14 Sagittarii A Cl. of pS. ſe. ſt. above 15 dia. 
31 — 1 1A Cl. of vs. and p. com. ft. e. 
1 | VV 
Sept. 21 oy Androm a i 49 f 804A L. co. ic, Cl. of vL.ft.iRv. 


| 28] 5 2 Navis | | 


| rich. takes up degree like a 
| | nebulous ſt. to the naked eye. 

4|T AC. of p. com. pS. Sſt. c.rich.con- 
1 1 I tains 1 L. the reſt are all of a fize. 
34] Dec. 11113 () — fe 7 Juno U Cl. of vF. and vSft. p. com. but 
. , ß 


33] OR. fer (6) Aurig|f| 6 


_ 24170(2)Orionis| f | £2 (ſr: 1A Cl. of S. pm. com. ſt. with ſuſ- 
| _—— "T7 A | pefked m. nebulofity. 
26118 Monocero| Þ | 3 4 A Cl. of v. ſc. ſt, c. rich. and of 


| great extent. 
I |A Cl. of v. com. eSſt. c. rich. gor r 
| | 4” dia. moſt com, M. 
A beautiful Cl. of vsſt. of ſeveral 
fies. c. com. and rich M. 10 or 
| 12“ dia. 
| 
D A p. com. Cl. of Sit. 4 dia. 
35.1 A Cl. of Sſt. of ſeveral ſizes. 3 or 
I 4 dia. p. rich. like a forming one. 
22 A8 Cl. of ſt. p. com. e. rich, in vs. 
| | &. The com. part 4 or 5 dia. 
2 — Cl. of L. and vs. ſt. c. 
I rich, 
AS. Cl. of vSſt. c. com. and p. rich. 
A CI. of p com. pLſt. c. rich. The 
ſt. arranged chiefly in lines from 
ſp. nf. 
A S. p. com. Cl. of ſt. not rich. 
iF. like a forming one. 
A S. Cl. of pL. ſt. c. rich. 


| — Camelop p 55 40 ful 37/2 
| | == 


A CI. of ſt. p. rich and c. com. 
48 


| | | IE. 3 or 4 dia. iF. 


e new Nebulæ and Cluſters of Stars. 253 
VII.] 1787 | Stars. | pi. 8. D. M. ob | Deſcription. 
9 1 40 I |A com. Cl. of ſome pL. and many 

| 1 | S. ſt. iR. 6 or ?“ dia. 
— 45 () — pH 8 n ſo 2001 A Cl. of ſome cL. 6. and many es. 
Ez * I fo as hardly to be ſeen. The Lſt. 
arranged in circular order 3 or 

5 | 4 dia. 
1788 2 6: 
| Sept. 27/81 (24=)Cyg p22 13 f 14/1 A few Ty with ſuſpe cted nebulo- 
1 WE. of 6 fity, with 300 many vs. ſt. inter- 
+20 * 1 | | mixed with the former, ſo as to 
| | F | I make a Cl. 

gi} OR. 1971 (g) — 5 49. ſlo gf 1 1 com. Cl. of ps. f. E. rich iR. 

e EE: VC 
52 — — — — „ 0 42 n ſo 341 An extenſive Cl. of Lſt. c. rich 

| ; | | 1 | -4 above 207 dia. 

53 — 73 („% — f 30 41 no 4802 A L. Cl. of p. com. L ſt. hors 

55 ER SOIL ES, - 

54] Nov. 1036 Camelop f 29 1 jnſo 16] 1 A F. patch. or 8. Cl. of esſt. 
55 23 32 00 Cephei; f 57 34 n 1 47 3]A Cl. of cS. ſt. iF. p. rich and 
. 1 EI F | com, contains a vacancy M. 
Eighth claſs. Coarlely Rae cluſters of ſtars. 

VIII. 77 785 Stars. 7 M. 8. 7 D. M. 1 "Deleription. TY. 

a — 2 DONE 
41] Dec. 758 (4) Tant 112 1141 0 5411 A co. Cl. of ſt. or preſcctig point 

x VVV of the m. way. 

42 — 125 — 8p 1 22 f 442 A Cl. of co. ſe. ſt. above i q dia. The 
| | | | Þ] | ©. nearly of a ſize and equally ſc. 

43 26109 () — 1 pII5 30 [u 291 A Cl. of v. co. ſc. Lſt. join. to VII. 21. 

44 2805 (v) Can. min fo 38 f 54/1 A Cl. of v. co. ic. Lt. form a 

— i oa VF 

45 31 6 Navis p32 48 [ſſo 11 A co. ſc. Cl. of ſt. not rich, 

450 ——= — [pſi 18 f 49, 1 W. but co. ſe. Cl. of ſt. 

47 — ä — p10 27 n o 39 1 A Cl. of ſe. ſt. or the m. way crouded 
nn | FL -:.4 1 with ſt. of equal ſize and colour. 
1786 5 - Wy | 2} | „ 

43] Jan. 1178 Orionis f 10 59 ſz 91A Cl. of v. ſc. ſt. of various ſizes. 
1 1 IN I above degree of extent, 

49 3 *BGemi. 6m p33 23 2 0 35 1 A Cl. of co. ſc. Lſt. not rich. See note 

50 27 8 Monocerq| f [10 58 n O 49 2 ACl. of ſt. arranged in a broad row. 
| | 25'1.6or$'b.noty. com. but p. rich. 

51] Feb. 2311 faz 25 [ſſo 11 KA Cl. of v. ſc. ft 

52] Mar. 19 2 Navis [p12 16 n 32/1 A Cl, of vL co. ſc. ſt. not rich. 

53 June 2746 (v) Sagitta pi82 10 [f 41A Cl. of ic. Sit. 8“ dia. not v. rich. 
Vor. LXXIX. | 21 | 54 


"IY % 
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1786 | Stars. 
54 June 27 46 (v) Gagittal 
55 ——— 
56] OR. 17137 (y) CySni 
7 
57 —|58 () — 
2457 — 
| g) Perſei 1 
Nov. 26019 Monocero p 
| 
1787 | | 
| Jan. 1 
62] Sept. 19 35 ()Cephelp | 4 43 
63] Oct. 16 21 (2) - | EG 1 5 
644 Nov. 00 Sa 1 
5 14 
& 2% 
60 — 5 (*) pes 5, 7 
67 9 17 (0) Cepheilpjio © 
A 12/41 Aurigæ p 
— 4 FL 
„ De 218 Anion | 
| 1788 | * 
70 Feb. * (v) Perſci | 
71 Marcha 58 Aurigæ p| 1 22 
SY 
72 | July 30 62 Serpentis s 27 26 
73] — 89 C Aquilæſ pf 4 2 
74] Sept.21|80(1ftz) Cyg p34 12 
= 5 26] 3 Lacertæ |p| 7 29 
76] 27159(4ſF)Cyglpſ 4 1 
| _ — | | 
„ Nor. z (2) Cepheil f 17 23 
780 26015 () Caſſio| f 10 56 
4 | f 


| 


| 
A Cl. of co. ſc. Lift. p. rich above 


A Cl. of co, ſc. 


W MD ww OCQ 


| forming a brilliant ſc, Cl. 


| or 200. C. H. diſc, 1784. 


is that * a 8. triangle. 


| A co. ſc. Cl. of Lſt. 
1A S. Cl. of co. fc. ſt. of various 


ſizes. E. like a forming one. 


A CI. of co. ſc. pS. ſt. of ſeveral 
ſizes. not rich. 

A Cl. of pL. ſc. ft. not v. rich. 

A Cl. of co. ſc. pL. ſt. not v. rich. 
A Cl. of pL. ſc. ſt.not v. rich. may be 


| a projecting point of the m. way. 


A Cl. of co. ſc. Lf. iF. not rich. 


I like a forming one. 
2A Cl. of co. ſc, Lift. not rich. but 


the ſt. are brilliant. one 7m. 
A 8. Cl. of pL. ſt. 


A forming cluſter of p. com. ſt. 


C. H. diſc. 1783. 1 
A S.Cl.ofSft.notv.rich.C.H. 1783. 
2 A Cl. of co. ſc. cLft, 8 or 10' dia. 


of one 7 m, near M. 


3 Cl. of co. ſc. L. and 8. & - 


dia. like a forming one 
A S. Cl. of fc. ſt. not rich one. 


Jm. towards the n. but this does 
| not ſeem connected with the CI. 
A Cl. of co. fc. pL. ſt. one 8 m. 


in the if. part. 


207 dia. 
pL. ſt. p. rich the 
place is that of a double ſt. of 


| the 3d claſs 


A Cl. of co. ſc. Lit. C. H. 1783. 

A Cl. of co. fc. ft. with one pBſt. M. 
A Cl. of co. ſc. Lit. not rich 67 dia. 
A Cl. of co. ic. Lſt. IE. ſp nf. 16/1. 
A ſt. 6 m. ſurrounded by many eſt. 
the 
Lſt. not M. but f. 

A Cl. of eo. ſc. ſt. 8 dia. C. H. 1787. 
A Cl. of v. co. ſc, Lit. take up 15 


Notes 


* 


of new Nebule and Clufters of Stars. El p 5 


Notes to ſome nebulz and cluſters of ſtars. 


I. 138. The number refers to DE La CaILLE's ſouthern catalogue in the 
_ Calum Auſtrale Stelliferum. 

I. 190. A ftar of the fixth magnitude, not contained in any catalogue, I 

have called it C Canum Venaticorum. It follows Fr. 17. Can. 


Ven. 37 34” i in time, and is o 2“ more ſouth than that ſtar, 
II. 566. See the note to I. 138. 


638. See the note to I. 138. 
697. See the note to I. 190. 
703. A ſtar of the 7th magnitude, not contained in any catalogue. 5 
called it A Ceti. Not having ſettled its place, I can only give it 
in a coarſe way. RA. about o h. 31 3775 PD. about 94 22“. 
II. 678. A ſtar of the 7th magnitude, not containen in any catalogue, 1 
have called it A Bootis. It follows FL. 39 Bootis 6” 56” in time, 
and is ©? 55 more north, 
681. See the note to I. 190. 
742. A ſtar of the 7th magnitude, not contained in any catalogs, I 
have called it B Draconis. Its place very coarſely is RA. 
© 18h. 47“ PD. 417. V 
747. See Mr. WolLAs rox's general catalogue. Zone 20", 
vm. 49- A ſtar of the 6th magnitude, not contained in any catalogue, I 
have called it B Geminorum, Not having ſettled its place, I can 
only give it in a coarſe way, RA. about 6h, 52" 4 '" PD, 
about 559 17 . 855 


P. 8. The planet Saturn has a eb fattllite revelvite 
round it in about 32 hours, 48 minutes. Its orbit lies exactly 
in the plane of the Ring, and within that of the firſt ſatellite. 
An account of its diſcovery with the forty-feet reflector, and a 
more accurate determination of its revolution and diſtance from 
the planet will be preſented to the Royal Society at their next 
Meetings. | WILLIAM HERSCHEL. 
Se 
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XXI. An Attempt to explain a  Diffcull in the + Boy of Vi "I on, 
depending on the different Refrangibility of Light. By the 
Rev. Nevil i D. D. F. R. K. and Aſtronomer 
2 __ 


Read June * 1789. 


HE ideas of f ght are ſo ſtriking 4 dnl, that we 
are apt to conſider them as perfectly diſtinct. The 


celebrated EULER, taking this for granted, has ſuppoſed, i in 
the Memoirs of the Royal Academy of Sciences at Berlin 
for 1747, that the ſeveral humors of the human eye were 


contrived in ſuch a manner as to prevent the latitude of 
focus ariſing from the different refrangibility of light, and 


conſiders this as a new reaſon for admiring the ſtructure of the 
eye; for that a ſingle tranſparent medium, of a proper figure, 
would have been ſufficient to repreſent images of outward 
objects in an imperfect manner; but, to make the organ of 


light abſolutely complete, it was neceſſary it ſhould be com- 


poſed of ſeveral tranſparent mediums, properly figured, and 


fitted together agreeable to the rules of the ſublimeſt geome- 


try, in order to obviate the effect of the different refrangibility 
of light in diſturbing the diſtinctneſs of the 1 image; and hence 
he concludes, that it is poſſible to diſpoſe four refractnig ſur- 


faces in ſuch a manner as to bring all ſorts of rays to one 
focus, at whatever diſtance the obje& be placed. He then 
aſſumes a certain hypotheſis of refraction of the differently 

| | refran- 


Dr. MASKELYNE's Attempt, Ke. i 8 


refrangible Sy and builds thereon an ingenious theory of an 
achromatic object- glaſs, compoſed of two meniſcus glaſſes 
with water between them, with the help of an analytical cal- 
culation, ſimple and elegant, as his uſually are. 

He has not, however, demonſtrated the neceſſary exiſtence 


of his hypotheſis, his arguments for which are more meta- 


phyſical than geometrical; and, as it was founded on no expe- 
riment, ſo thoſe made ſince have ſhewn its fallacy, and tnat it 
does not obtain in nature. Moreover, which f is rather extra- 


ordinary, it does not account, according to his own ideas, for 


the very phænomenon which firſt ſuggeſted it to him, namely, 
the great diſtinctneſs of the human viſion, as was obſerved to 


me, many years ago, by the late Mr. Jonx Dol. Loxp, . 


F. R. S. to whom we are ſo much obliged for the invention of 
the achromatic teleſcope ; for the refractions at the ſeveral hu- 


mors of the eye being all made one way, the colours produced 
by the firſt refraction will be increaſed at the two ſubſequent 


ones inſtead of being corrected, whether we make uſe of 


NewrToNn's or EuLER's law of refraction of the differently 


refran gible rays. 


Thus EULER produced an bypothetical principle, neither fit ; 


for rendering a teleſcope achromatic, nor to account for the 


diſtinctneſs of the human viſion ; and the difficulty of recon- 


ciling that diſtinctueſs with the principle of the different 
refrangibility of light diſcovered by Sir Isa Ac New ron re- 
mains in its full force. 


In order to go to the bottom of this difficulty, as the beſt pro- 


bable means of obviating it, I have calculated the refractions 
of the mean, moſt, and leaſt refrangible rays at the ſeveral 


humors of the eye, and thence inferred the diffuſion of the 
rays, proceeding from a point in an object, at their falling 
upon 
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- 258 Dr. Mn N Any 10 explain 
vpon the retina, and the external angle which ſuch coloured 
mage of a point upon. the retina correſponds to. 

I rook the dimenſions of the eye from M. PeriT, as related 
by Dr. JuzINn; and, the ſpecific gravities of the aqueous and 
vitreous humors having been found to be nearly the ſame with 
that of water, and the refraction of the vitreous humor of an 
ox's eye having been found by Mr. HawxszExE to be the ſame 
as that of water, and the ratio of refraction out of air into 
the cryſtalline humor of an ox's eye having been found by 
the ſame accurate experimenter to be as 1 to ,68 327» I took the 
refraction of the mean refrangible rays out of air into the 
aqueous or vitreous humor, the ſame as into water, as 1 to 


574853, or 1,33595 to 1; and out of air into the cryſtalline 


humor as 1 to 68 327, or 1, 46355 to 1. Hence I find, 


according to Sir Isaac Nxwrox's two theorems, related at 
Part II. of Book I. of Optics, p. 113. that the ratio of refrac- 
tion of the moſt, mean, and leaſt refrangible rays at the cornea 
ſhould be as 1 to 74512, 574853 and 75197; at the fore- 
ſurface of the cryſtalline as 1 to, 91173, 291282, and, 91392; 
and at the hinder ſurface of the cryſtalline as I to  1,0968 45 
1,09 550, and 1,9420. 
Now, taking with Dr. Jon 1 5 inches for the diſtance at 
which the generality of eyes in their mean ſtate ſee with moſt 
diſtinctneſs, I find the rays from a point of an object ſo ſituate 
will be collected into three ſeveral foci, viz. the moſt, mean, 
and leaſt refrangible rays at the reſpective diſtances behind the 
cryſtalline , 5930, , 6034, and, 6141 of an inch, the focus of 
the moſt refrangible rays being , 0211 inch ſhort of the focus 
of the leaſt refrangible ones. 

Moreover, aſſuming the diameter of the pencil of rays at 
the cornea, proceeding from the object at 15 inches diſtance, 


7 to 


; „ Diftull in th Theory of Vifon. Frm 259 
to be *th of an inch in a ſtrong light, which is a large allow- 
ance for it, the femi-angle of the pencil of mean refrangible 
rays at their concourſe upon the retina will be 7* 12“, whoſe 
tangent to the radius unity, or ,1264 multiplied into ,0211 
inch, the interval of the foci of the extreme refrangible rays, 
gives 002667 inch for the diffuſion of the different coloured 
rays, or the diameter of the indiſtinct circle upon the retina. 
Now, I find, that the diameter of the image of an object upon the 
retina is to the object as F605 5 inch to the diſtance of the ob- 
ject from the center of curvature of the cornea; or the ſize of 
the image is the ſame as would be formed by a very thin con- 
vex lens, whoſe focal diſtance is ,60 55 inch, and conſequently 
a line in an object which ſubtends an angle of 1” at the center 
of the cornea will be repreſented on the retina by a line of 
eth inch. Hence the diameter of the indiſtinct circle on 
the retina before found, ,002667 will anſwer to an external 
angle of ,002667 x 56787 15 8”, or every ue in an object 
ſhould appear to ſubtend an angle of about 15“, on account of 
the different refrangibility of the rays of light. 
I ſhall now endeavour to ſhew that this angle of ocular aber- 
ration is compatible with the diſtinctneſs of our viſion. This 
aberration is of the ſame kind as that which we experience in 
the common refracting teleſcope. Now, by computation from 
the tabular apertures and magnifying powers of ſuch teleſcopes, 
it is certain that they admit of an angular indiſtinctneſs at the 
eye of no leſs than 577; therefore the ocular aberration is near 
four times leſs than in a common refracting teleſcope, and con- 
ſequently the real indiſtinctneſs, being as the ſquare of the 
angular aberration, will be 14 or 15 times leſs in the eye than 
in a common refracting teleſcope, which may be eaſily allowed 
to be umperceptible. 


Moreover, 


We ST 
." wth * 


. Mert rur- 5 e fo 2 


-  Mbrtiver, Sir IAA Nxwrox has obſerved, with reſpect to 
| the like difficulty of accounting for the diſtinctneſs with which 
refracting teleſcopes repreſent objects, that the erring rays are 
not ſcattered uniformly over the circle of diſipation in the 
focus of the objeck· glaſs, but collected infinitely more denſely 
in the center than in any other part of the circle, and in the 
_ way from the center to the circumference grow continually 
rarer and rarer, ſo as at the circumference to become infinitely 
rare; and by reaſon of their rarity are not ſtrong _— to be 
Ve, unleſs in the center and very near it. F 
He farther obſerves, that the moſt luminous of the priſma- 
tic colours are the yellow and orange, which affect the ſenſe 
more ſtrongly than all the reſt together; and next to theſe in 
ſtrength are the red and green; and that the blue, indigo, and 
violet, compared with theſe, are much darker and fainter, and 
compared with the other ſtronger colours, little to be regarded ; 
and that therefore the i images of the objects are to be placed 
not in the focus of the mean refrangible rays, which are in 
the confine of green and blue, but in the middle of the orange 
and yellow, there where the colour is moſt luminous, that 
which is in the brighteſt yellow, that yellow which inclines 
more to orange than to green. 
From all theſe conſiderations, and by a an elaborate calcula- 
tion, he infers, that though the whole breadth of the image ; 
of a lucid point be 2th of the diameter of the aperture of 
the object - glaſs, yet the ſenſible image on the ſame is ſcarce 
broader than a circle whoſe diameter is -;.th part of the dia- 
meter of the aperture of the object- olaſs of a good teleſcope ; 
and hence he accounts for the apparent diameters of the fixed 
ſtars as obſerved with teleſcopes * aſtronomers, although 1 in 
reality they are but points. 
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a Difficulty in the Theory of Vifon. * 261 1 
I be like reaſoning is applicable to the circle of diff ipation 
on the retina of the human eye; and therefore we may leſſen 
| the angular aberration, before computed at 15, in the ratio of 

250 to 55, which will reduce it to 30 18”, 

This reduced angle of aberration may perhaps be double * 
apparent diameter of the brighteſt fixed ſtars to an eye diſpoſed 
for ſeeing moſt diſtinctly by parallel rays; or, if ſhort- ſighted, 
aſſiſted by a proper concave lens; which may be thought a ſuf- 

_ ficient approximation 1n an explication grounded on a diſſipation 

of rays, to which a preciſe limit cannot be aff igned, on account 
of the continual increaſe of deuſity from the circumference to the 

center. Certainly ſome ſuch angle of aberration is neceſſary to 
account for the ſtars appearing under any ſenſible angle to ſuch an 
eye; and if we were, without reaſon, to ſuppoſe the images on 
the retina to be perfect, we ſhould be put to a much greater 
difficulty to account for the fixed ſtars appearing otherwiſe 
than as points, than we have now been to account for the 
actual diſtinctneſs of our ſight. 
The leſs apparent diameter of the ſmaller fixed ſtars : agrees 
alſo with this theory; for the lets luminous the circle of diſſi- 
pation is, the nearer we muſt look towards its center to find 
rays ſufficiently denſe to move the ſenſe. From Sir Isaac 

NzwToN's geometrical account of the relative denſity of the 

rays in the circle of diffipation, given in his ſyſtem of the 

world, it may be inferred, that the apparent diameters of the 
fixed ſtars, as depending on this cauſe, are nearly as their 
whole quantity of light. 

In farther elucidation of this ſubject let me add my own 
experiment. When I look at the brighter fixed ſtars, at con- 
ſiderable elevations, through a concave glaſs fitted, as I am 
ſhort-fighted, to ſhew them with moſt diſtinctneſs, they appear 
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462 De. 1 s 22 „ explain 
to me without ſcintillation, and as a ſmall round circle of fire | 
of a ſenſible magnitude, If I look at them without the con- 
cave glafs, or with one not ſuited to my eye, they appear to 
caſt out rays of a determinate figure, not exactly the ſame in 
both eyes, ſomewhat like branches of trees (which doubtleſs 
ariſe from ſomething in the conſtruction of the eye) and to ſeiu- 
tillate a little, if the air be not very clear. To ſee day objects 
with moſt diſtinctneſs, I require a leſs concave lens by one de- 
gree than for ſeeing the ſtars beſt by night, the cauſe of which 
ſeems to be, that the bottom of the eye being illuminated by the 
day objects, and thereby rendered a light ground, obſcures the 
fainter colours blue indigo and violet in the circle of diſſipa- 
tion, and therefore the beſt image of the object will be found 
in the focus of the bright yellow rays, and not in that of the 
mean refrangible ones, or the dark green, agreeable to NR - 
rox's remark, and conſequently nearer the retina of a ſhort- 
ſighted perſon ; but the parts of the retina ſurrounding the 
circle of diſſipation of a ſtar being in the dark, the fainter co- 
lours, blue, indigo, and violet, will have ſome ſhare in form- 
ing the image, and conſequently the focus will be ſhorter. 
The apparent diameter of the ſtars here accounted for is dif- 
ferent from that explained by Dr. JuziNn, in his Eflay on 
diſtin& and indiſtin& viſion, arifing from the natural conſtitu- 
tion of the generality of eyes to ſee objects moſt diſtinct at 
moderate diſtances, and few being capable of altering their 
conformation enough to ſee diſtant objects, and among them the 
celeſtial ones, with equal diſtinctneſs. But the cauſe of error, 
which I have pointed out, will affect all eyes, even thoſe which 
are adapted to diſtant objects. 
If this attempt to ſhew the compatibility of the actual 
diſtinetneſs of our ſight with the different refrangibility of 
light 


naht mall be ICS As juſt 2 convineing. wo ſhall have 
freſh reaſon to admire the wiſdom of the Creator in fo adapt- 
ing the aperture of the pupil and the different refrangibility of 
light to each other, as to render the picture of objects upon 
the retina relatively, though not abſolutely, perfect, and fitted 
for every uſeful purpoſe; where, to borrow the words of 
our religious and oratorical philoſopher DeRHñAM, all the 
44 glories of the heavens and earth are brought and exquiſitely 
< pictured.” Ih 
Nor does it appear, that any material advantage would have 
been obtained, if the image of objects on the retina had been 
made abſolutely perfect, unleſs the acuteneſs of the optic nerve 
| ſhould have been increaſed at the ſame time; as the minimum 
wvifibile depends no leſs on that circumſtance than the other. 
But that the ſenſibility of the optic nerve could not have been 
much increaſed beyond what it is, without great inconvenience 
to us, may be eaſily conceived, if we only conſider the forcible 
impreſſion made on our eyes by a bright ſky, or even the day 
objects illuminated by a ſtrong ſun. Hence we may conclude, 
that ſuch an alteration : would have rendered our fight painful 
inſtead of pleaſant, and noxious inſſead of uſeful. We might 
indeed have been enabled to ſce more in the ſtarry heavens with 
the naked eye, but it muſt have been at the expence of our 
daily labours and occupations, the immediate and neceſſary. 
employment of man. | 
J ſhall only mention farther, and obviate an objection to the 
diffuſion of the rays upon the retina by the different refrangi- 
bility of light. It may be faid, that the ocular aberration, 
being a ſeparate cauſe from any effect of the teleſcope, thould 
ſubſiſt equally when we obſerve a ſtar through a teleſcope as 
when we look at it with the naked eye; and that therefore the 
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N fixed ſtars owls not appear: fo ſmall. as ' have been found to 
do through the beſt teleſcopes, and particularly by Dr. Hrn - 

$SCHEL with his excellent ones. To this I anſwer, that the 
ocular aberration, which i is proportional to the diameter of 
the pupil when we uſe the naked eye, is proportional to the 
diameter of the pencil of rays at the eye when we look 
through a teleſcope, which being many times leſs than that of 


the pupil itſelf, the ocular aberration will be diminiſhed in 
2 and become inſenſible. 5 
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XXII. Experiments and Obſervations en Electricity. By Mr. ; 


William Nicholfon ; communicated 9 Str * — 
Bart. wh R. S. 


Read June 25, 1789. 
SECT. I. On be Excilation ＋ Electricity. 


4 ' GLASS cylinder was mounted, and a cuſhion ap- 


thai ar} its ſurface, and thence half round the cylin- 


der. The cylinder was then excited by applying an amal- 
gamed leather in the uſual manner. The electricity was re- 
ceived by a conductor, and paſſed off in ſparks to LANE's 


electrometer. By the frequency of theſe ſparks, or by the 


number of turns required to cauſe ſpontaneous exploſion of a. 


Jar, the ſtrength of the excitation was aſcertained. 
2. The cuſhion was withdrawn about one inch from the 
cylinder, and the excitation performed by the filk only. A 


ſtream of fire was ſeen between the cuſhion and the blk ; and 


much fewer ſparks * between the balls of the electro- 
meter. 


3. A roll of dry fk was interpoſed, to prevent the ſtream 


from paſſing between the cuſhion and the filk. Very few ſparks 
then appeared at the electrometer. 
4. A metallic rod, not inſulated, was then interpoſed, i in- 


ſtead of the roll of ſilk, ſo as not to touch any part of the 
N = apparatus. 


plied with a filk flap, proceeding from the edge of 


* — — 


— 


5 
PW. — — * * — 
- c * — _—_ - * " — " * * — 22 4 
- \ ye - 3 E 6 D + AP IE _ þ . - O 

P - — 

bY * = 4 8 — p _— 1 * S — - — — _ m «wb og * 
-v 4 A 
- - # - : * & p * 
7 pa. os UP C6 : 5 b = - — . l - - e - . 
=. —— * — => — 
—e * — — - — — a - * —. 


2 pw os * . 5 
* — - - 
— : \ - of 
p 
Py « 2 - - 


— 


a 2 a l | wt 


* 266 295 115 Nicwolwd 9 5 : 
Ls apparatus. A denſe ſtream of electricity appeared Fase the 
es” rod and the filk, and the conductor gave very many ſparks. 
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8. The knob of a jar being ſubRituted in the HE of the 


metallic rod, it became charged negatively. Ss 


6. The ſilk alone, with a piece of tin-foil t ſkins i it, 
afforded much electricity, though leſs than when the cuſhion 


was applied with a light preſſure. The hand, being applied to the 


ſilk as a cuſhion, produced a degree of excitation ſeldom equalled 


by any other cuſhion. 


7. The edge of the hand anſwered as well as the palm. 
8. When the excitation by a cuſhion was weak, a line of 


light appeared at the anterior part of the cuſhion, and the ſilk 
was ſtrongly diſpoſed to receive electricity from any uninſulated 
conductor. Theſe appearances did not obtain when the « exci- 
tation was by any means made very ſtrong. 


9. A thick filk, or two or more folds of filk, excited worſe 


than a ſingle very than flap. I uſe ne filk which the milleners 
call Torſion. 


o. When the ſilk was 83 en the eplinder foarks 


—_ between them; the filk was found to be in a weak 


negative, and the cylinder in a poſitive ſtate. 
The foregoing experiments ſhew that the office of the Glk i is not 
merely to prevent the return of electricity from the cylinder to 
the cuſhion, but that it is the chief agent in the excitation; while 


the cuſhion ſerves only to ſupply the electricity, and perhaps 
increaſe the preſſure at the entering part. There likewiſe ſeems 


to be little reaſon to doubt but that the diſpoſition of the electri- 
city to eſcape from the ſurface of the cylinder is not prevented 
by the interpoſition of the ſilk, but by a compenfation after the 
manner of a charge ; the filk being then as ſtrongly negative as 


the cylinder is poſitive : and, laſtly, that the line of light 


between 
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between the! filk and cuſhion in weak excitations educh not con- 
ſiſt of returning electricity, but of electricity which paſſes to 
the cy linder, in conſequence of its not having been ſufficiently 
ſupplied, during its conta& with the rubbing . 

11. When the excitation was very ſtrong in a cylinder 
newly mounted, flaſhes of light were ſcen to fly acroſs its 
infide, from the receiving ſurface to the ſurface in contact with 
the cuſhion, as indicated by the bruſh figure. Theſe made the 
cylinder ring as if ſtruck with a bundle of ſmall twigs. They 
ſeem to have ariſen from part of the electricity of the cylinder 
taking the form of a charge. This appearance was obſerved in 
a nine-inch and a twelve-inch cylinder, and the property went 
off in a few weeks. Whence it appears to have been chiefly 
occaſioned by the rarity of the internal air produced by hand- 
ling, -and probably reſtored by gradual leaking of the cement. 
12. With a view to determine what happens in the infide of 
the cylinder, recourſe was had to a plate machine. One 
cuſhion was applied with its filken flap. The plate was nine 
inches in diameter and two-tenths of an inch thick. During the 
excitation, the ſurface oppoſite the cuſhion ſtrongly attracted 
electricity, which it gave out when it arrived oppoſite the ex- 
tremity of the flap. So that a continual ſtream of electricity 
paſſed through an inſulated metallic bow terminating in balls, 
which were oppoſed, the one to the ſurface oppoſite the extre- 
mity of the filk, and the other oppoſite the cuſhion ; the for- 
mer ball ſhewing poſitive, and the latter negative figns. The 
knobs of two jars being ſubſtituted in the place of theſe balls, 
the jar, applied to thé ſurface oppoſed to the cuſhion, was 
charged negatively, and the other poſitively. This diſpoſition 
of the back ſurface ſeemed, by a few trials, to be weaker the 

8 ſtronger 
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ſtronger the aQtion of the — as ** by the a 
on the cuſhion fide. © 5 
| Hence it follows, that the Wen ſurface of a cylinder f 7. 
o far from being diſpoſed to give out eleQricity during the 
friction by which the external ſurface — it, that it even 
greedily attracts it. | 
13. A plate of glaſs was applied to the evolving plate, and 
thruſt under the cuſhion in ſuch a manner as to ſupply the 
place of the filk flap. It rendered the electricity ſtronger, and 
appears to be an improvement of the plate machine; to be 
admitted if there were not eſſential * againſt the ma- 
chine itſelf. 
14. Two ating were then applied on the oppoſite ſurfsces 
24 with their filk flaps, ſo as to claſp the plate between them. The 
electricity was received from both by applying the finger and 
thumb to the oppoſite ſurfaces of the plate. When the finger 

was advanced a little towards its correſpondent cuſhion, ſo 
that its diſtance was leſs than between the thumb and its 
cuſhion, the finger received ſtrong electricity, and the thumb 
none; and, contrariwiſe, if the thumb were advanced beyond 
the finger, it received all the electricity, and none paſſed to the 
finger. This electricity was not ſtronger than was produced by 
the good action of one cuſhion applied ſingly. 

16. The cuſhion in experiment 12. gave moſt electricity 
when the back ſurface was ſupplied, provided that ſurface was 
ſuffered to retain its electricity till the rubbed ſurface had given 
out its electricity. 95 

From the two laſt — it ippears,: that no 22 

is gained by rubbing both ſurfaces; but that a well managed 

friction on one ſurface will accumulate as much electricity as 


the preſent methods of excitation ſeem. capable of collecting; 
but 
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but chat wh ba excitation is weak, on account of the clectrie 
matter not paſſing with ſufficient facility to the rubbed ſurface, 
the friction enables the oppolite ſurface to attract or receive it, aud 
if it be ſupplied, both ſurfaces will paſs off in the poſitive ſtate; 
and either ſurface will give out more electricity than is really in- 
duced upon it, becauſe the electricity of the oppoſite ſurface forms 
a charge. It may be neceſſary to obſetve, that I am ſpeaking of 
the facts or effects produced by friction; but how the rubbing 
ſurfaces act upon each other to produce them, whether by ; 
attraction, or otherwiſe, I do not here enquire. A 
It will hereafter be ſeen, that plate machines do not colle& 
more electricity than cylinders (in the hands of the electrical 
operators of this metropolis) do with half the rubbed ſurface; 
| Which is a corroboration of the inference here made. 
16. When a cylinder is weakly excited, the appearances 
mentioned (par. 8.) are more evident, the more rapid the turn- 
ing. In this caſe, the avidity of the ſurface of the cylinder 
beneath the ſilk is partly ſupplied from the edge of the filk 
which throws back a broad caſcade of fire, ſometimes to the 
diſtance of above twelve inches. From theſe cauſes it is that 
there is a determinate velocity of turning required to produce the 
maximum of intenſity in the conductor. The ſtronger the ex- 
citation the quicker may be the velocity ; but it rarely exceeds 
five feet of the laſs to paſs the cuſhion in a ſecond. 
17. If a piece of filk be applied to a cylinder, by drawing 
down the ends, fo that it may touch half the circumference, 
and the cylinder be then turned and excited by applying the 
amalgamed leather, it will become very greedy of electricity 
during the time it paſſes under the filk. And if the entering 
ſarface of the glaſs be ſupplied with electricity, it will give it 
out at the other extremity of contact; that is to ſay, if inſu- 
Vol. LXXIX. R r lated 
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lated conductors be applied at the touching ends of the filk, 
the one will give; and the other receive, electricity until the 
meenfities of their oppoſite ſtates are as high as the power of 
ts apparatus ean bring them ; and theſe ſtates will be in- 
ſtantly reverſed! v vg the cylinder in the y”m 
direction. WI t 
As this difeorkiy: promiſes to be of che greateſt uſe in — 
trical expetiments, becauſe it affords the means of producing 
either the plus or minus ſtates in one and the ſame conductor, 
and of inſtantly repeating experiments wich either power, and 
without any change of poſition or adjuſtment of the — ; 
it evidently: deſdrved the miſt minute examination. 
18. There was little hope (par. 6.) that cuſhions could =” 
diſpenſed with. They were therefore added; and it was then 
ſeen, that the electrified conductors were ſupplied by the dif- 
ference between the action of the cuſhion which had the ad- 
vantage of the filk and that which had not; ſo that the naked 
face of the cylinder was always in a ſtrong electric ſtate. 
Methods were uſed for taking off the preſſure of the receiving 
cuſhion; but the extremity of the ſilk, by the conſtruction, 
not being immediately under that cuſhion, gave out large 
flaſhes of electricity with the power that was uſed.” Neither 
did it appear practicable to preſent a row of points or other 
apparatus to intercept the electricity which flew round the 
cylinder; becauſe ſuch an addition would have materially dimi- 
niſhed the intenſity of the conductor, which in the uſual way 
was ſuch as to flaſh into the air from rounded extremities of 
four inches diameter, and made 'an inch and half ball become 
luminous and blow like a point. But the greateſt inconve- 
nience was, that the two ſtates with the backward and forward 


turn were ſeldom equal ; becauſe the diſpoſition of the amal- 
gam 


"od 


hb al 
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gam on n the filk, produced by applying the leather to the eylin- 
der in one direction of turning, was the reverſe of what muſt 
take place when the contrary operation was performed, 

Notwithſtanding all this, as the intenſity with the two 
cuſhions was ſuch as moſt operators would have called ſtrong, 
the method may be of uſe, and I ſtill mean to make more 
experiments when I get poſſeſſion of a very large machine 
which is now in hand. , 

19. The more dame advantage of this diſcovery i is, that 
it ſuggeſted the idea of two fixed cuſhions with a moveable 
filk flap and rubber. Upon this principle, which is fo ſimple 
and obvious, that it is wonderful it ſnould have been ſo long 
overlooked, I have conſtrued a machine with one conductor, in 
which the two oppoſite and equal ſtates are produced by the 
ſimple proceſs of looſening the leather rubber, and letting it 
paſs round with the cylinder (to which it adheres) until it 
arrives at the oppoſite ſide, where it is again faſtened. A wiſh 
to avoid prolixity prevents my deſcribing the mechaniſm by 
which it is let go, and faſtened in an inſtant, at the ſame time 
that the cuſhion 1 is made either to preſs or is withdrawn, as 
occaſion requires. 

20. Although the foregoing ſeries of experiments naturally 
lead us to conſider the filk as the chief agent in excitation; yet 
as this buſineſs was originally performed by a cuſhion only, it 
becomes an object of enquiry to der mine what hoppens | in 
this caſe. 

21. The great Beccarta * inferred, that in a ſimple 
cuſhion, the line of fire, which is ſeen at the extremity of con- 
tact from which the ſurface of the glaſs recedes, conſiſts of 
returning electricity; and Dr. NoorH grounded his happy 


. Philoſophical Tranſactions, Vol, LVI. p. 117. 28 
Rr 2 invention 


70 27 
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invention of the ſilk flap upon the ſame ſuppoſition. The 
former aſſerts, that the lines of light both at the entering and 
departing; parts of the ſurface are abſolutely fimilar; and thence 
infers, that the cuſhion receives on the one fide, as it certainly 
does on the other. I find, however, that the fact is directly 
contrary to this aſſertion; and that the oppoſite inference 
ought to be made, as far as this indication can be reckoned con- 
eluſive: for the entering ſurface exhibits many luminous per- 
pendiculars to the cuſhion, and the departing ſurface exhibits a 


3 uniform line of light. This circumſtance, together with 


the conſideration that the line of light behind the filk in par. 


"A 1 could not conſiſt of returning electricity, ſhewed the neceſ- 


ſity of farther; examination. 1 therefore applied the edge of 
the hand as a rubber, and by occaſionally bringing forward 
the palm, I varied the quantity of electricity which paſſed near 
the departing ſurface. When this was the greateſt, the ſparks 
at the electrometer were the moſt numerous. But, as the ex- 
. periment was liable to the objection that the rubbing ſurface 
was variable, I paſted a piece of leather upon a thin flat piece 
of wood, then amalgamed its whole ſurface, and cut its extre- 
mity off in a neat right line cloſe to the wood. This being 
applied by the conſtant action of a ſpring againſt the cylinder, 
= produced a weak excitation, and the line where the contact of 
the cylinder and leather ceaſed (as abruptly as poſſible) exhi- 
bited a very narrow fringe of light. Another piece of wood 
was prepared of the ſame width as the rubber, but one quarter 
of an inch thick, with its edges rounded, and its whole ſur- 
face covered with tin-foil. This was laid on the back of the 
rubber, and was there held by a ſmall ſpring, in ſuch a man- 
ner as. that it could be ſlided onward, fo as occafionally to project 
beyond the rubber, and cover the departing and excited ſurface 
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of the cylinder, without touching it. The ſparks at the elec · 
trometer were four times as numerous when this metallie piece 
was thus projected; but no electricity was obſerved to paſs 
between it and the cylinder. The metallic piece was then 
held in the hand to regulate its diſtance from the glaſs; and 
it was found, that the ſparks at the electrometer increaſed in 
number as it was brought nearer, until light appeared between 
the metal and the cylinder, at which time they became fewer 
the nearer it was brought, and at laſt ceaſed when it was in 
contacſ. . 

The following concluſions appear to be deducible from theſe 
experiments. 1. The line of light on a cylinder departing 
from a ſimple. cuſhion. conſiſts of returning electricity; 2. 
the projecting part of the cuſhion compenſates the electricity 
upon the cylinder, and by diminiſhing its intenſity prevents its 
ſtriking back in ſuch large quantities as it would otherwiſe do; 
3. that if there were no ſuch compenſation, very little of the 
excited electricity would be carried off; and, 4. that the com- 
penſation is diminiſhed, or the intenſity increaſed, in an higher 

ratio than that of the diſtance of the compenſating ſubſtance; 

becauſe if it were not, the electricity which has been carried 
off from an indefinitely ſmall diſtance, would never fly back 
from a greater diſtance and form the edge of light. 
22. I hope the conſiderable intenſity I ſhall ſpeak of will be 
an apology for deſcribing the manner in which I produce it. 
1 with the theory of this very obſcure proceſs were better 


known; but no conjecture of mine is worth mentioning. The 
method is as follows: 


Clean the cylinder, and wipe the ſilk. 


Greaſe the cylinder by turning it againſt a ä n till 
it is uniformly obſcured. I uſe the tallow of a candle. 


' % 


Turn 
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Tauru the cylinder till the filk flap has wiped off fo much | 
of the greaſe as to render it ſemi-tranſparent. i 

Put ſome amalgam on a piece of leather, and ſpread it well 
fo that it may be uniformly bright. Apply this againſt the 
turning cylinder. The friction will immediately increaſe, and 
the leather muſt not be removed until it ceaſes to become 
greater. | 
Remove the leather, ad the action of che machine will be 
very ſtrong. dl 
My rubber, as before obſerved, confiſts of the filk flap paſted 
to a leather, and the cuſhion is preſſed againſt the ſilk by a 
lender ſpiral ſpring i in the middle of its back. The cuſhion 
is looſely retained in a groove, and reſts againſt the ſpring only, 

in ſuch a manner that by a ſort of libration upon it as a ful- 
' crum, it adapts itſelf to all the irregularities of the cylinder, 

and never fails to touch in its whole length. There is no ad- 
| juſtment to vary the preſſure, becauſe the preflure cannot be 
too ſmall when the excitation is properly made. Indeed, the 
actual withdrawing of the cuſhion to the diſtance of one- tenth 
of an inch from the ſilk, as in par. 2. will not materially affect 


--1 good excitation. 


The amalgam is that of Dr. Hicoixs, compoſed of zinc 
and mercury. If a little mercury be added to melted zinc, it 
renders it eaſily pulverable, and more mercury may be added to 
the powder to make a very ſoft amalgam. It is apt to cryſtal- 
lize by repoſe, which ſeems in ſome meaſure to be prevented by 
triturating it with a ſmall proportion of greaſe: and it is 
always of advantage to triturate it before uſing. 

A very ſtrong excitation may be produced by applying the 
amalgamed Feather to a clean cylinder with a clean ſilk. But 
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it Wo goes off, and is not ſo ſtrong as the foregoing, which 
laſts ſeveral days. 

1 3. To give ſome diſtinctive criterions by which other er- 
tricians may determine whether the intenſity they produce ex- 
ceeds or falls ſhort of that which this method affords, I ſhah 
mention a few facts. 

With a eylinder 7 inches diameter and cuſhion 8 inches long, 
three bruſhes at a time conſtantly flew out of a three · inch ball in 
a ſucceſſion too quick to be counted, and a ball of 14 inch 1 
meter was rendered luminous, and produced a ſtrong wind like a 
point. Anine-inch cylinder with an eight · inch cuſhion occaſioned 
frequent flaſhes from the round end of a conductor 4 inches 
diameter: with a ball of 21 inches diameter the flaſhes ceaſed 
now and then, and it began to appear luminous: a ball of 14 
inch diameter firſt gave the uſual flaſhes; then, by quicker 
turning, it became luminous with a bright ſpeck moving about 
on its ſurface, while a conſtant ſtream of air ruſhed from it; - 
and, laſtly, when the intenfity' was greateſt, 'brulhes, of a dif. 
ferent kind from the former, appeared. "Theſe 1 were leſs lu- 
minous, but better defined in the branches; 1 many ſtarted out 
at once with a hoarſe ſound: They were reddi ſh at the ſtem, 
ſooner divided, and were Erceniſh at the point next the ball, 
which was braſs. A ball of r inch diameter was ſurrounded 
by a ſteady faint light, enveloping its exterior hemiſphere, 
and ſometimes a flaſh ſtruck out at top. When the excitation 
was ſtrongeſt a few flaſhes ſtruck out ſideways. The horizontal 
diameter of the light was longeſt, and might meaſure | one 
inch, the ſtem of the ball being vertical. 
| This laſt phenomenon is fimilar to a natural event related 

by M. LoAM NMI BAL QUwIN *, who raiſed an electrical kite in 


* Memoirs of the American Academy, Vol. I. p. 257. 


July. 


= and ſometimes a ſix-inch ball would flaſh. 


2 76 Mr. Nicnot. sow's Experiments, and 
July, 1771, during the approach of a ſevere thunder - ſtorm, 
and obſerved himſelf to be ſurrounded by a rare medium of 
fire, which, as the cloud roſe nearer the zenith, and the kite 
roſe higher, continued to extend itſelf with ſome gentle faint 
flaſhes, Mr. BALDWIN felt no other effect than a general 
weakneſs in his joints and limbs, and a kind of liſtleſs feeling; 
all which he obſerves might poſſibly be the effect of ſurprize, 
though i it was ſufficient to diſcourage him from perſiſting in 
any farther attempt at that time. He therefore drew in his 
kite, and retired to a ſhop till the ſtorm was over, and then 
went to his houſe, where he found his parents and friends 
much more ſurpriſed than he had been himſelf; who, after 
expreſſing their aſtoniſhment, informed him, that he appeared 
to them (during the time he was raiſing; the kite) to be in the 
midſt of a large bright flame of fire, attended with flaſhings; 
and that they expected every moment to ſee him fall a ſacrifice. 
to the flame. The ſame was obſerved by ſome. of his neigh- 
bours, who lived near the place where he ſtood. | = 
This fact is ſimilar to another obſerved by M. DE SavssuRE 
on the Alps, and both are referable to my luminous ball with 
the ſecond kind of bruſh. The cloud muſt have been negative. 
With a 12-inch cylinder, and rubber of 71 inches, a five- 
inch ball gave frequent flaſhes, upwards of 14 inches long, 
T do not mention 
the long ſpark, becauſe I was not provided with a favourable 
apparatus for the two larger cylinders. The 7 - inch cylinder 
affords a ſpark of 103 inches at beſt. The 9- inch cylinder, 
not having its conductor inſulated on a ſupport ſufficiently 
high, afforded flaſhes to the table which was 14 inches diſtant. 
And the 12-inch cylinder, being mounted only as a model or 
trial for conſtructing a larger apparatus, is defective in ſeveral 
| 8 treſpects 
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reſpilts which 1 have not thought fit to alter. When the five- 
inch ball gives flaſhes, the cylinder is enveloped on all ſides 
with fire which' ruſhes from the receiving part of the con- 
ductor. I never uſe points, but in a ſimple machine bring the 
conductor almoſt in contact with the cylinder. In this appa- 
ratus that cuſhion to which the rubber is not 3 * 
that purpoſe. | 1 
224. Theſe marks exhibit the ning as deduced from 1 
ple electrifying. I will now mention the rate of charging, 
which was nearly the ſame in all the three cylinders. 
A large jar of 350 ſquare inches, or near 24 ſquare feet, 
with an uncoated varniſhed rim, of more than four inches i in 
height, was made to explode ſpontaneouſly over the rim. The 
Jar, when broken, proved to be 0.082 inches thick on an ave- 
rage; and the number of ſquare feet of the ſurface of the 
cylinder which was rubbed, to produce the charge of one foot, 
Was, when leaſt, 18.03, and when moſt, with good excita- 
tion, 19.34. The great machine at Harlem charges * a ſingle 
jar of one foot ſquare by the friction of 66:6 ſquare feet, and 
charges its battery of 22 5 ſquare feet at the rate of 94.8 ſquare 
feet rubbed for each foot. The intenſity of electricity on the 
ſurface of the glaſs is therefore conſiderably leſs than one- 
fourth of that here ſpoken of; but if we take the moſt favoura- 
ble number 66.6 at the commencement of turning, and halve 
it on account of the unavoidable imperfection of a plate ma- 
chine (as ſhewn in par. 1 4.), it will be found, that the manage- 
ment applied to that machine would cauſe a cylinder to charge 
one ſquare foot by the friction of 333 ſquare feet. It muſt be 
obſerved, however, that M. van Marum's own machine, con- 


* To explode from the central wire, which, from ſome trials, I find to require 
leſs force than from coating to coating at equal diſtances. 
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will equal the utmoſt we can now condenſe on ſtrong glaſs 
even in the form of a charge; we have a leſs ſtep to take be- 
fore we arrive at that amazing power, than our ee pre- 
deceſſors have already made. 
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inch thick. 


990 Mr. Nieneraon' S Doperimints an 


ſiſting of two plates, 33 inches. diameter, has only. half the 
intenſity, though he reckons it a very good one. This machine | 


_” 


ãs. about equal in abſolute power to my g-inch cylinder, with its 
ſhort rubber; but it 1s near thirty times as dear in price. In 


all theſe deductions I omit the computations, for the ſake of 


| brevity, and becauſe they are eaſily made, The data are found 
7 in the deſcription of the Teylerian machine, and its continua- 
tion publiſhed at Harlem in the years 1785 and 1787. 


11 ſhall here take the liberty of obſerving, that the dien of 
the cylinder, by a ſimple cuſhion or the hand, which excited 


the aſtoniſhment of -all Europe, i in the memory, of our co- tem- 
pooraries, was firſt improved by the addition of a leathern flap; 


then by moiſtening the rubber; afterwards by applying the 


amalgam; and, laſtly, by the addition of a ſilk flap. Now, I 
find, by experiment, that we at preſent obtain upwards of 


Forty times the intenſity which the bare hand produces; and 
conſequently that, fince eighteen times our preſent intenſity 


My 9-inch mmm when broken, proved to ibs af an 


SEC" r. II. de, the kong: 3 of Bleariciy ond the 
Action of Points, 


2 5. Gn of the 8 appearances, with balls in the 
poſitive ſtate, have been ſlightly noticed as criterions of intenſity. 


I ſhall here add, that the eſcape of negative electricity from a ball 
| iö attended with the — of ſtrait ſharp ſparks with a 


7 5 hoarſe 
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| hoarſe or chirping noiſe. When the ball was less ton two 
inches in diameter, it was uſually covered with ſhort flames 
of this kind, which were very numerous. 

26. When two equal balls were preſented to ak athes, 
and one of them was rendered ſtrongly poſitive, while the 
other remained in connection with the earth, the poſitive bruſh 
or ramified ſpark was ſeen to paſs from the electrified ball: 
when the other ball was electrified negatively, and the ball, 
which before had been poſitive, was connected with the ground, 
the electricity (paſſing the ſame way according to FR ANKLIN) 
exhibited the negative flame, or denſe ſtraight and more lu- 
minous ſpark, from the negative ball; and when the one ball 
was electrified plus and the other minus, the ſigns of both elec- 
tricities appeared. If the interval was not too great, the long 
zig-zag ſpark of the plus ball ſtruck to the ſtrait flame of 

the minus ball, uſually at the diſtance of about one-third of 
the length of the latter from its point, rendering the other 
two-thirds very bright. Sometimes, however, the poſitive 
ſpark ſtruck the ball at a diſtance from the negative flame, 
Theſe effects are repreſented in Plate IV. fig. 1, 2 and 3. 

27. Two conductors of three-quarters of an inch diameter, 
with ſpherical ends of the ſame diameter, were laid parallel to 
each other, at the diſtance of about two inches, in ſuch a 
manner as that the ends pointed in oppoſite directions, and 
were ſix or eight inches aſunder. Theſe, which may be diſ- 
tinguiſhed by the letters P and M, were ſucceſſively electrified 
as the balls were in the laſt paragraph. When one conductor 
P was poſitive, fig. 5. it exhibited the ſpark of that electricity at its 
extremity, and ſtruck the ſide of the other conductor M. When 
the laſt· mentioned conductor M was ele&rified negatively, 
fig. 4. the former being in its turn connected with the earth, 
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. the ſparks ceaſed to ſtrike as before, and the extremity of the 
electrified conductor M exhibited negative. figns, and ſtruck the 
ſide of the other conductor. And when one conductor was 
electrified plus and the other minus, fig. 6. both ſigns appeared at 
the ſame time, and continual ſtreams of electricity paſſed between 
the extremities of each conductor to the fide of the other con- 
ductor oppoſed to it. In each of theſe three caſes, the current 
of electricity, on the hypotheſis of a * fluid, m"_ the 
ſame way. 
28. In drawing the long fuck from a ball of far nabe 
diameter, I found it of ſome conſequence that the ſtem ſhould 
not be too ſhort, becauſe the vicinity of the large prime con- 
ductor altered the diſpoſition of the electricity to eſcape; I 
therefore made a ſet of experiments, the reſult of which 
| ſhewed, that the diſpoſition of balls to receive or emit electri- 
city is greateſt when they ſtand remote from other ſurfaces in 
the ſame ſtate; and that between this greateſt diſpoſition 1 in 
any ball, whatever may be its diameter, every poſſible leſs 
degree may be obtained by withdrawing the ball towards the 
broader or leſs convex ſurface out of which its ſtem projects, 
until at length the ball, being wholly depreſſed beneath that 
furface, loſes the diſpoſition entirely. From theſe experiments 
it follows, that a variety of balls is unneceſſary 1 in electricity; 
becauſe any ſmall ball, if near the prime conductor, will be 
equivalent to a larger ball whoſe ſtem is longer. © 
29. From comparing ſome experiments, made by myſelf 
many years ago, with the preſent ſet, I conſidered a point as a 
ball of an indefinitely ſmall diameter, and conſtructed an in- 
ſtrument conſiſting of a braſs ball of fix inches diameter, 
through the axis of which a ſtem, carrying a fine point, was 
ſerewed. When this ſtem is fixed in the prime conductor, if 
5 the 


current of air pafſing near a prime conductor does not deſtroy 
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the ball be moved on its aris in either direction, it cauſes the 
fine point either to protrude through a ſmall hole in its exter- 
nal ſurface, or to withdraw itſelf ; becauſe by this means the 
ball runs along the ftem. The diſpoſition of the point to 
tranſmit electricity may thus be made equal to that of any ball 
whatever, from the minuteſt fize to the diameter of ſix 13 
See fig. 7. let. A. 

30. The action of pointed bodies has been a ſubject of di . 
cuſſion ever fince it was firſt difcovered, and is not yet wel! 
explained. To thoſe who afcribe this effect to the figure of 
electric atmoſpheres, and their diſpoſition to fly off, it may be 
anſwered, that they ought firſt to prove their exiſtence, and 
then ſhew why the cauſe which accumulated them does not 
prevent their eſcape; not to mention the difficulty of explain- 
ing the nature of negative atmoſpheres. If theſe be ſuppoſed 
to conſiſt of electrified air, it will not bt eaſy to ſhew why a 


its effects. The opinion, ſupported by the celebrated VoLTA 
and others, that a point is the coating to an infinitely fmall. 
plate of air, does not appear better founded: for ſuch a plate 
muſt be broken through at a greater diſtance only becauſe: 
higher charged; whence it would follow, that points ſhould 
not act but at high intenſities. I muft likewiſe take notice, as 
a proof that the charge has little to do here, that if a ball be 
| preſented to the prime conductor, at the fame time that a 
7 point proceeds from the oppoſite ſide of the ball, the electri- 
city will paſs by the point, though it is obliged to go round 
the ball for that purpoſe; but it can hardly be doubted, that 
whatever charge obtains in this caſe is on the ſurface of the 
ball next the conductor, and not on the remote ſide to which 
the n directs its courſe. 


31. ACHARD'S 


, 0 11 > 
. ' ** * a © 
7 & I . —£) ” oy , - * 
* * 4 | 
— . » * ; * | ö s | 


„ a 12 * 
252 


. N 8 E as 


31. Acnary' 5 experiments with. a number of 1 cones, 
ſcrewed i in a plate of metal, and likewiſe the pointed apparatus 
deſcribed (par. 29) ſhew that the effect of points depends on 
the temoteneſs of their extremities from the other parts of the 
conductor. This leads to the following general law. 


In any elect- ed conductor the tranſition or eſcape of electricity 


awill be made chiefly from that part of the fur face which is the 
moft remote from the natural flate. 


Thus in the apparatus of the ball and ſtem, the point hav- 
ing a communication with the reſt of the whole conductor, 
conſtantly poſſeſſes the ſame intenſity; but the influence of 
the ſurrounding ſurface of the ball diminiſhes its capacity. 
This diminution is leſs the farther the ball is withdrawn, and 


i conſequently the point will really poſſeſs more electricity, and 


be more diſpoſed to give it out when it is prominent than 
when depreſſed. The ſame explanation. ſerves for negative 
electricity. 

332. The effect 4 a 5 ſurface appears to ay" farther 
than that of a negative: for the point acts like a ball when 
conſiderably more prominent if it be poſitive than it will if 
negative. This property was uſed by me ſome' years. ago for 
the conſtruction of an inſtrument to 9— the two elec- 
tricities *. 

For the ſake of — 1 paſs over many fats which 
have preſented themſelves in the courſe of my experiments on 
the two electricities, and content myſelf with obſerving, that 
there is ſcarcely any experiment made with the poſitive power 
which will not afford a reſult worthy of r, if repeated 
with the negative. 


» 


* IntroduQtion to \ Natural Philoſophy, Vol, Il. p 320. | 
33- When 
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:.- When we confider that our machines can i cauſe ; a ball of 
an inch and half diameter to a& like a point, and that our 
apparatus makes a point act like a ball; if at the ſame time ws 

remark the ſmall elevation of our conduQors for lightning 

above the extended ſurface of the ground, and the ſmall fize of 

the balls propoſed by ſome to be uſed as terminations; the dif- - 
pute, which was ſo much agitated reſpecting them, will per- 
haps be found to relate to a very minute circumſtance, among 

the many which govern the great operations of nature. It 

does not ſeem probable, that any conductor would act ſilently 

if the main courſe of the electricity of a negative cloud were 

to paſs th rough i it, and many would probably receive the ſtroke 

from a politive cloud, It does not, however, follow from 

this, that they might not conduct 1 it with ſafety. 


4 


Scr. II. Of compenſated Eketricity. 


34. It 18 unteceſity to inſiſt upon what is called the equi- 
librium of an electrical charge, becauſe Dr. FùuAxkLIx has 
admirably explained it according to his hypotheſis. But there 
is another important particular, which has been almoſt entirely 
_ overlooked, namely, the uncompenſated electricity which 
is as effential to the charge as that which is in equi- 


librio. Whenever a jar is charged, the greateſt part of 


the electricity becomes latent on account of the compenſa- 


tion; but there is a certain proportion which remains on the 
| inſulated fide, and exerts its force to prevent the electricity 


from returning to the outer ſurface. In moderate intenſities, 


this will explode, and carry the charge with it, to diſtances 


which are in proportion to the quantity of the charge itſelf; 


but in greater intenſities the diſtances greatly exceed that pro- 
portion. With glafles of different thickneſſes, this intenſity, 
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as Kean by the exploſive ſpark, is as the thickneſs, when 
the charges are equal, as Mr. Cavenoisn has determined, and 


1 find likewiſe by experiments with thin ſubſtances ; but when 


the thickneſſes are greater, it increaſes in a higher proportion, 


as is found by the exploſion which takes place between the 
electrophore and its plate, as well as by other experiments. 


35. This uncompenſated part of the charge (which is com- 


electricity, or to the diſtance at which it exerts its action) was 
found to be greatly increaſed when a ſeries of j Jars were made to 


charge each other. If a jar be inſulated and made to explode by 
LANE“'s elefrrometer at a determinate number of turns; and 
another jar be then connected with its external coating ſo as to 
become charged by that means, the exploſion, from the outſide 
of the laſt to the inſide of the firſt, will take place at the 
electrometer (unaltered) with much fewer turns. Or if the 
electrometer be altered till the exploſion takes place at the ori- 
ginal number, the diſtance will be much greater than before. 
Hence we fee, that the intenſity of the uncompenſated part 
muſt be greater when there is a greater charge to be main- 
tained, whether it be on one ſurface only, or on two ſurfaces 
ſucceſſively connected. I have not yet made the experiments 
| neceſſary to aſcertain the law of this laſt action. 


36. It is evident, that the breaking of jars is not effected by 


any attraQtion between the electricities which form the charge, 


but by this neceſſary ſurplus: for thicker glaſſes require much 
leſs electricity to produce an intenſity which breaks them than 


thinner do; and I found a piece of Muſcovy talc, one hun- 


dredth of an inch thick, to bear a charge conſiſting of ten 


times the quantity of electricity which was ſufficient to have 


* an equal ſurface of common glaſs ſo as to break it. 
But 
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But the intenſity of the very denſe charge on the talc was ſo 
low as to afford an exploſion of no more than about one-tenth 
of an inch, while that of the glaſs jar it was e with 
exploded through about five inches. - , 
- The perforation of glaſs by the long "yg or by the ſpark . 
through oil or cement, ſeems to depend on the very great in- 
tenſity of the electricity which has not time to diffuſe itſelf, | 
but charges a minute part of the ſurface very high. Fo 
37. Muſcovy talc * being a very perfect non - conductor, and 
capable of being divided into plates of leſs thickneſs than one 
two-hundredth part of an inch, I made many experiments 
with it, which are too numerovs to enter into this Paper. In 
conſequence of its great capacity it gives very ſtrong ſhocks. 
Contrary to the aſſertion of Bxcc ARIA, I found that its la- 
minæ are naturally in ſtrong oppolite ſtates of electricity, and 
flaſh to each other when torn aſunder in the dark. A large 
piece being ſplit in two, the parts were found to be in oppoſite 
ſtates. The greateſt care was taken in theſe experiments to 
avoid friction, and to uſe ſuch pieces as had never been excited, 
nor brought near the machine. 
38. The moſt plauſible objection __ the probability of 
danger from the returning ſtroke of the Earl of STANnoPe is, 
that the quantity of electricity in an animal is too ſmall to pro- 
duce any miſchievous effect. This the noble author has anſwered 
by remarking, that the quantity has not been ſhewn to be 
ſmall 4. My experiments with talc ſhewing that it naturally 
poſſeſſes much electricity, led me to inveſtigate the quantity 
which a man may contain, I melted ſealing wax upon 
Bennet” s. electrometer with a burning glaſs, and found it pro- 


* Tam not certain whether HenLEY or BECCARIA firſt * this ſubſtance; 
but little attention was paid to it by either. + Phil, Tranſ. Vol. LXXVII. p. 143. 
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1 Nesse 0e 1 und 
; duced tio elearicity either in heating or cooling: Falfo placed 
a piece of red-hot glaſs upon the ſame inſtrument, and it 
| cooled without affording electric figns. "Theſe experiments 
ſhewed, that the natural quantity of electricity is the ſame in 
theſe bodies, whether they be in the conduQting or non-con- 
ducting ſtate; and conſequently, if it can be proved, that an 
eleAtric contains a large quantity of electricity, the inference 
may be fairly extended to non-ele&rics. And it will not 
be diſputed, upon any hypotheſis, but that a non-con- 
ductor, or its coating, contains as much of what we call 
electricity as can be driven out of it in the act of charg- 
ing. Two ſquare inches of talc, of the thickneſs of o, ii 
inch, were repeatedly charged and made to explode over the 
uncoated part, by each turn of a ſeven- inch cylinder. The 
intenſity of the excitation was ſuch, that a conductor, of three 
feet long, and ſeven inches diameter, gave a denſe ſpark of 9 
inches long at each turn. Now, in round numbers 45 ſuch 
plates of talc, laid upon each other, would have formed a 
ſolid inch of matter; and from this, if fitted up as a Be- 
| CARJA'S battery, we could with our machine drive out electri- 
city enough ſimply to charge a conductor 4 5 times as long 
(neglecting the ends); that is to ſay, we find that one ſolid 
inch of tale contains electricity enough to charge a conductor 
of 7 inches diameter, and 135 feet long, ſo high as to give a 
nine · inch ſpark at leaſt, but how much more it contains we 
know not. 

If it be here objected, that the tale does ackbles more than 
ſeparate the coatings, we may make uſe of gold leaf for our 
coating; which ſubſtance being (as I find by weight and mea- 
ſurement) no more than ,,,*:- of an inch thick, would in- 

creaſe the reſult near three thouſand times. 


Without 
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ra 3 "Obfrvetion os Bie, 
Without 3 to the intenſe cleQricity 6050 a cloud, or 
the bulk of a man, it, may be obſerved, that ſuch a ſpark 
would be very painful. But to purſue our computation. The 
cylinder charged a ſquare foot of glaſs, of about 0.08 thick, 
in 15 turns ſo as to explode over a rim above four inches 
high. Fifteen of the pieces of talc would therefore poſſeſs as 
much electricity as makes the charge of a jar of one foot 
ſquare, and the 45 pieces or ſolid inch would contain enough to 
charge three ſquare feet. If we ſuppoſe the bulk of a man to 
be only 3 ſolid feet or 5184 ſolid inches, the natural electricity 
of this maſs, as deduced from the foregoing facts, will be 
equal to the charge of a battery of upwards of 15,000 ſquare 
Sos... 
I beg leave to obſerve, i in 1 concluding this Paper, that 1 
have been very careful in repeating the experiments with many 
precautions which the experienced in this branch of natural 
philoſophy will perceive the neceſſity of; though, in order to 
keep this communication within proper limits, I have here 
avoided a minute deſcription of them. With the ſame view I 
have likewiſe forborn to ſpeak either of theory, or of a number of 
other experimental reſearches I have made during the courſe 
of this enquiry. Dates are entirely omitted from a conviction 
that the priority of accidental diſcovery is not worth con- 
tending for, and that no diſputes ever ariſe about that general 
tenor of conduct in the cultivation of ſcience, upon which 
the rational part of mankind ground their approbation be 
cenſure. 55 
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25 for April, 1 4 789, has arrived,” 1 COLL 
of NM. Van Marun,' giving 4 al count of ſome very conſi- 


applying i 


it covers the whole face, and has the amalgam applied upon it. 


1 cannot, however, avoid expre ing my furprize, that this im- 


upwards* of twelve years 


diſcovery by ſo experienced 1 'philofophiet” With his new rub- 
bers M. Van Mazvum excites his plates of 33 inches diameter ſo 
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derable amendwentb 'of the rubber, and of the manner of 
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* to plate machines. The chief improvement con- 
xing t the fin to the poſterior] part of ths rubber, ſo that 


fiſts in fixi fi 


proyement, which has been in common uſe in England for 
paſt, mould now be offered as a 


ſtrongly. as to produce nearly two-thirds of the former effect 


of the Teylerian machine, though the rubbed ſurfaces of theſe 
machines are now as 69 f to 2409. This power would charge 


4 


the fi ingle j Jar by. the friction of 28. 6 ſquare feet, or the battery 
by rubbing 36.2 feet, inſtead of the numbers 66.6 and 94.8, 
as given in par. 24. This is a vaff acquifition of intenſity; 

but 1 ſtill little more than half that of the ſurface of a eylinder, | 


«£54 


as mentioned 1 in the ſame paragraph. But if par. 14. be ad- 


| mitted to prove that plate machines gain nothing by the friction 
of the back ſurfaces, it will follow, that M. Van MarumM's 


management, if applied to a under, would do better than 
mine. „ 
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Fe my late experiments on the ge Hhication F ſpirit of nitre 
by Beat it appeared, that when pure air was expelled from 


what is called dephlogiſticated ſpirit of nitte, the remainder 
was left phlogiſticated. This 1 find abundantly confirmed by 
repeating the experiments in a different manner, and on 'S 


larger ſcale; and I have applied the ſame procefs to other acids 
5 liquors « of a different kind. From theſe it will appear, that 
oil of vitriol and ſpirit of nitre, in their moſt dephlogiſticated 


fate, confiſt of a a proper ſaturation of the acids with phlo- 


. —4 rather to have been called their ſuper-pblag: Micution. Tool 


1 began with treatirig a quantity of oil of vitriol as I had 


done the ſpirit of nitre, vi. expoſing 1 it to heat ina glaſs tube, 
hermetically ſealed, and neatly exhauſted ; and the reſult was 


ſimilar to that of the experiment with the nitrous acid, with 


reſpect to the expulſion of air from it, though the Phlogiſtica- 
tion not appearing by any change of colbur, I did not in this 
method aſcertain that circumſtance. The particulars | were as 


follows. | 

After the acid had been * to boil ſome time, a denfe 

white vapour appeared'in quick motion at a diſtance above' the 
acid, 
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giſton, ſo that what we have called the phlogi ification of them, 
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acid, and though, on withdrawing the fire, that vapour diſap- 
peared, it inſtantly re- appeared on renewing the heat. When 
the tube was cool, I opened it under water, and a quantity of 
air ruſhed out, though the acid had been made to boil vio- 
lentiy while i it was cloſing, ſo that there could not have been 
much air in the tube. This air, which muſt therefore have 
been generated in the tube, was a little worſe than common 
air, being of the ſtandard of 1.12 when the latter was 1.04. 
I repeated the experiment ſeveral times, and always with the 
ſame reſult. 8 6 
That this air ſhould be worſe than common air, I cannot 
well explaiu. | But! in my former experiments it appeared that 
vitriolie acid air injures common air; and that in proportion as 
pure air is expelled from this acid, the remainder becomes phlo- 


giſticated, or charged with vitriolic acid air, clearly appeared 
4n the following experiment. | 
NM k 


TI 


ng a quantity of oil of vitriol wt in 2 2 gab retort; and 
aoking the vapour paſs through a red-hot earthen tube, glazed 

inſide and. out, and filled with pieces of broken tubes, I col- 
lected the liquor that diſtilled over, and found it to be the 

ſame thing with water impregnated with vitriolic acid air. The 

ſmell of it was exceedingly pungent, and it was evident, that 
more of this air had eſcaped than could be retained by that 
quantity of water. The oil of vitriol uſed i in this proceſs was 
1 0Z. 9 dw. 18 gr. and the liquor collected was 6 dw. 12 gr. 
When I collected the air that was produced in this manner, 
which I did not do at this time, it appeared to be very pure, 
about the ſtandard of 0.3 with two * meaſures of nitrous 
air. 


At 2 time, expending 1 OZ. 11 dw. 18 gr. of oil of 
tl, of the ſpecific gravity of 18 56 (that of water being 
1000), 


IG * the inp: of 4 Arids — 291 

1000). 1 collected 19 dw. 6 gr. of the acid, of the 
ſpecific gravity of 1 340, and 130 02. meaſures of dephlogiſti- 
cated air of the pureſt kind, vis. of the ſtandard of. 0.15, _ 

It is eaſy in this manner to collect a great quantity of de- 
phlogiſticated air; but the principal objection to the proceſs is, 
that after uſing a few times, the earthen tubes become tender, 
and too eafily break, eſpecially in heating or cooling. It is 
alſo difficult to lute the retort containing the acid and the 
earthen tube. The air produced 1n this manner is filled with 
the denſeſt white cloud imaginable. 

Going through the ſame proceſs with ſpirit of nitre, the 
reſult was in all reſpects fimilar, but much more ſtriking, the 
production of both dephlogiſticated air and phlogiſticated acid 
vapour being - prodigiouſly quicker, and more abundant. Ex- 
pending 5 oz. 8 dw. 6 gr. of ſpirit of nitre, I collected 600 o. 
meaſures of very pure dephlogiſticated air, being of the ſtan- 
dard of 0.2. I alſo collected 1 oz. 7 dw. 14 gr. of a greeniſh 
acid of nitre, which emitted copious red fumes. All the appa- 
ratus beyond the hot tube was filled with the denſeſt red vapour, 
and the water of the trough in which the air was received was 
ſo much impregnated with it, that the ſmell was very ſtrong 3 ; 
and it ſpontaneouſly yielded nitrous air ſeveral days, juſt as 
water does when impregnated with nitrous vapour. Perceiv- 
ing the emiſſion of air from the water, after it had ſtood ſome 
time, I filled a jar containing 30 oz. meaſures with it, and 
without any heat! it 1 two oz. meaſures of the ſtrongeſt 
nitrous air. 

Taking the ſpecific gravity of the acid before and after this 
diſtillation, the former was to the latter as 1471 to 1182. 
When the weight of the air Produced in this experiment, and 


that of the liquor diſtilled, is compared with that of the acid 
7 | before 


the form of the air, the remainder is ſuperſaturated with it. 


_ liquor collected after the diſtillation of the oil of vitriol, 
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before diſtillation, it will appear, that there muſt have been 


a4 great loſs of acid vapour, which was * retained 1 in the 
water of the trough, or eſcaped through it. 


I do not fee that theſe experiments can be adn; but: on 
the ſuppoſition that the moſt dephlogiſticated oil of vitriol and 


ſpirit of nitre are, in a proper ſenſe, ſaturated with phlogiſton 3 
and that when part of the acidifying principle is expelled in 


"0D ue} whether the acid, thus ſuperſaturated with FORE 
giſton, was convertible into pure air by this proceſs, I heated 


that is; water impregnated with vitriolic acid air, and made 
the vapour pals through the hot tube, but no air:came from 
it; and when collected a ſecond time, it was not at all different 
from what it bad been before. The * gravity was alſo 
the ſame. 4 $01, 1 
It is evident, Aber h this proceſs Gow not "ES it, 11 
that the volatile vitriolic acid contains the proper element ß « 
dephlogiſticated air; ſince by melting 1 iron in vitriolic acid air, 1 
a quantity of fixed air (which is compoſed of inflammable and 
dephlogiſticated air) ! 8 produced. Melting i iron in 9 oz. mea- 
ſures of vitriolic acid air, it was reduced to 0.3 oz. meaſures, 
and of this 0.17 OZ. meaſures was fixed air. I repeated the 
experiment with the ſame reſult, and putting the —— 
together found the air to be inflammable. | 
But the reſult was ſomething different when I ſent W | 
the hot tube the liquor that I had collected in the proceſs with 
ſpirit of nitre. No air, however, was produced at the firſt, 
nothing appearing beſides a red vapour that was wholely abſorbed 
by water, or eſcaped through it into the atmoſphere; but 
towards the end of the proceſs I collected 10 oz. meaſures of 


dephlo- 


g nnen 2 
dephlogiſticated air. The quantity of Tg . expended 
was about 2 oz. meaſures. It may, however, be preſumed, 
that this ſmall quantity of air came from ſome of the acid 
which eſcaped the action of the fire in the former proceſs. In- 
_ deed its coming at the laſt only may be conſidered as a proof of 
this, as all the more volatile acid, which came over firſt, 
yielded no air. _—_ 
I ſubmitted a quantity of fivit of ſalt to both theſe pro- 
ceſles, viz. expoſing it to a boiling heat in glaſs tubes, her- 
metically ſealed, and making the vapour paſs through a red 
hot earthen tube, but no air was produced in either caſe. In the 
former caſe, the water ruſhed into, and completely filled, the 
tube, when it was opened under water; and in the other pro- 
ceſs the liquor diſtilled was preciſely. of the ſame ſpecific gra- 
vity, and, no doubt, in all other reſpedts, the ſame as before 
_ diſtillation ; but the acid that remained in the retort was of 
leſs ſpecific gravity, in conſequence of the acid vapour being 
expelled by the heat in the form of marine acid air, which 
appeared not to be affected by a red heat. f 
Though, in the proceſs with ſpirit of ſalt, the ceſule be dif- 
ferent from that of thoſe with oil of vitriol and ſpirit of nitre, 
yet there is an analogy among all theſe three acids in this 
reſpect, vix. that the marine and both the volatile acids of 
vitriol and nitre are made by impregnating water with the 
acid vapour, ſo that in its uſual ſtate it may” be ſaid to be phlo- 
giſticated as well as theſe. | 
It was evident that the water in the worm-tub was much 
more heated by the diſtillation of the ſpirit of ſalt than by that 
of the oil of vitriol, and eſpecially that of the ſpirit of nitre ; ſo 
that much of the heat by which it had been raiſed in vapour 
muſt, in the latter caſe, have been latent in the air that was 
Vol. LXXIX. Uu formed; 


MF... . „Ridstet ; — he 
ormed; EP in the other caſe, it was communicate to 
the water in the worm · tub. 

In one of the proceſſes with boiling IO of felt, in a gla 15 
tube, hermetically ſealed, I had the ſame white vapour datic- 
ing in the middle of the tube as in the experiment with the 
vil of vitriol; but this tube burſt, and I never had the fame 
appearance again, though 1 repeated the Bro erg ſeveral 
times for the lake + YR 
The vapour of dephlogiſticated i marine acid, which M. 
BrxTnol LET diſcovered, and with which water may be im- 
pregnated as with fixed air, being made to paſs through the 
Hot earthen tube, became dephlogiticated air as in the follow- 

ing experiment, 5 
Having poured a quantity o of ſpent of ſalt t upon She man- 
ganeſe 3 in a glaſs retort, 1 heated it as in the preceding experi- 
ments with a proper apparatus both for receiving the diſtilled | 
liquor, and the air. I found ſeven- tenths of the air was fixed 
air, and the remainder 1 very pure dephlogiſticated. The quan- 
tity I could not meaſure on account of one of the janctures 1 in 
the apparatus giving way; but I do not imagine that quite ſo 
much pure air could be got in this method as from the manga- 
neſe itſelf in a direct proceſs. The liquor received in this diſ- 
tillation reſembled ſtrong n of ſalt in which manganele had 
been put. | — 
This proceſs immediately e that in which the glaſs 
tube, Joining the earthen tube and worm · tub, was left full of 
black matter by the diſtillation of the alkaline liquor (which 
will be mentioned hereafter), the blackneſs preſently vaniſhed, 
and the tube became tranſparent as before, On this account, 
however, it is poſſible that I might. receive leſs pure air than I. 
ſhould otherwiſe have done, 
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Diciles vinegar ſubraitted to this proceſs Fiehed, air two» 


#5 F\& © } ®. =p 


thirds of which was fixed air, and the reſt inflammable : ex- 


pending 2 0z. 19 dw. o gr. of the acid, I got 1 oz. 19 dw. o gr. 
of a liquor which had a more pungent ſmell. than i it had before 
diſtillation. It had alſo ſome black matter in it, and ſome of 
the ſame remained at the bottom of the retort when the liquor 
was evaporated to dryneſs. The air I received was 90 . 
meaſures. 


Alkaline ai air is converted into inflammable air in this proceſs : 


as well as by the electric ſpark, but by no means, I think, in 
fo great a degree. I put 2 0z. 10 dw. © gr. of water pretty 
ſtrongly impregnated with alkaline air into the retort, and 


heating it, ſent the vapour through the hot tube; when I col- 
lected 2 0z. 3 dw. o gr. of liquor, which had a diſagreeable 
empy reumatic ſmell, as well as that of a volatilealkali, and it 


was quite opaque with a Slack matter, which ſubſided to the 


bottom of the veſſel. Alfo the tube through which the air 
and vapour had been conveyed was left quite black, as men- 
tioned above. One of the junctures of the apparatus not 
having been air-tight, I did not collect all the air, but it came 


only at the beginning of the proceſs, and before the tube be · 


came black, or any liquor was diſtilled, and it was all ſtrongly 5 


inflammable. 


I ſhall now recite a few experiments of a different kind from 5 
thoſe that have been mentioned above, and more imer 


relating to the doctrine of phlogiſton. 


It is ſaid, by thoſe who do not admit the FOE of phlo- 


giſton, that the metals are ſimple ſubſtances, which, having a 
ſtrong affinity to dephlogiſticated air, imbibe it when they be- 
come calces, without parting with any thing. But that ſome- 


thing i is really parted with in the calcination (as they will call 
Uuz it) 
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in dephlogiſticated air, I obſerved before; but I never took 


time that the iron became finery cinder by imbibing water from 


Which Mr. PARKER has penerouſly furniſhed me; and by 


- = R * ä . — 
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it) of 1 iron in dephlogiſticated air, appears to me to = very 
evident, as well as in the proceſs with ſteam.” © 


That fixed air is found in the veſſel in which iron is melted - 


much care to aſcertain the quantity of it. This I have lately 


done i in many inſtances, and in all of them find it to be much 
more conſiderable than can be accounted for, by ſuppoſing 1 it to 


come from plumbago i in the very ſmall quantity of iron that I 
melted; ſo that it muſt neceffarily have been formed by the phlo- 
giſton from the i iron, and the pure air in the veſſel, at the ſame 


the air; and J have ſhewn, that by far the greateſt part of the 
eight of this air is water. The experiments were made with 
x very good burning lens, of ſixteen inches diameter, with 


means of it I can now make theſe experiments, which require a 


great degree of heat, with much more eaſe and nee than 
1 could do before. e 


In 64 oz. meaſures of dephlogiſticated : air I melted turnings 


of malleable i iron till there remained only 13 OZ. meaſure, and 


of | this Ze. meaſure was fixed air. In 6 oz. meaſures of 


dephlogiſticated air, of the ſtandard of o. 2, I melted iron till 


it was reduced to two-thirds of an ounce-meaſure, of which 
one-half was fixed air, and the remainder completely phlo- 

giſticated. Again, J melted iron in 74 0z. meaſures of de- 
phlogiſticated air, of the fame purity with that in the laſt ex- 


periment, when it was reduced to 14 OZ. meaſure, and of this 


four-fifths was fixed air, and the remainder phlogiſticated. In 


this caſe I carefully weighed the finery cinder that was formed 


in the proceſs, and found it to be nine grains, ſo that the iron 
that had been melted * about two-thirds of this weight) 


had 
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had bom about ſix grains. I n the n with 
the ſame reſult. | 
Wben the dephlogiſticated air is more impure, the quantity. 
of fixed air will always be leſs in proportion. Thus, having 
melted iron in ſeven ounce meaſures of dephlogiſticated air of 
the ſtandard of 0.65, it was reduced to 1.6 0z. m.; and of this 
only one-third of an ounce meaſure was fixed air. This, how- 
ever, is much more than can come from the plumbago in the 
iron; but as the production of this fixed air is by many 
aſcribed to this plumbago, it may be worth while to ſhew by 
_ computation that it is impoſſible that it ſhould have this origin. 
Both the quantity of plumbago in iron, and the quantity of 
fixed air in plumbago, are much too ſmall for the purpoſe. ' 
From half an ounce of the pureſt plumbago, I firſt got, in a 
cotta glaſs retort, 13 ounce-meaſures of air, of which only 
three ounce meaſures were fixed air, the reſt being inflamma- 
ble; then putting it into an earthen tube, I kept it ſome 
hours in as great a heat as I could produce, and got 22: oz. 
m. more; and of this alſo only three were fixed, and the reſt 
inflammable, and the laſt portion was wholly ſo. | 
But inſtead of ſuppoſing the fixed air that I got to be that 
which was expelled from the plumbago in the iron, I will 
ſuppoſe that even the whole of this plumbago afforded only 
one of the elements of the fixed air, viz. phlogiſton, or _ 
which the French chemiſts call carbone; and that this princt-- - 
ple, by its union with the dephlogiſticated air in the veſſel, 
forms the fixed air, yet on this moſt unfavourable andi impro- 
bable ſuppoſition the quantity will be found to be inſufficient. 
If 100 gr. of iron contain, according to M. BERCMAN, 
0.12 gr. of plumbago, 7 gr. (which is the moſt that in any 
| of the preceding —_ I converted into finery cinder) would - 


A | contain: 
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contain only 0.0084 gr: of plumbago; ang if we ſuppoſe with 
Mr. Kixwan, that an hundred cubic inches of fixed air con- 
tains $.14 gr. of phlogiſton, the fixed air produced in one of 
the above-mentioned proceſſes (vz. four-fifths of an ounce · 

meaſure) would contain . o 32 gr. of phlogiſton, which is above 

three times more than the plumbago i in the iron could furniſh. 
It is evident, therefore, that the quantity of fixed air that I 
found muſt have been formed by Phlogifton from the iron 
uniting with the dephlogiſticated air in the veſſel. ©: 

I, as 1 have inferred, from burning charcoal of copper an 

dephlogiſticated air (ſee Experiment, Vol. VI. p. 272.) fixed 

air conſiſts of 3.45 parts of dephlogiſticated air and 1. 5 of 
8 5 phlogiſton, it will be found, that four- fifths of an ounce mea- 


ure of fixed air will contain 0.21 gr. of phlogiſton, which i To 


much more than on the ſuppoſition of Mr. Kixwan. 
Another argument againſt the antiphlogiſtic doctrine may be 
drawn from an experiment which I made upon Pruſſian blue; 
jf the ſmall quantity of fixed air, that may be expelled from it 
by heat, be compared with the much greater quantity which 
1s produced when heated in dephlogiſticated A 
Pruſſian blue is generally ſaid to be a calx of iron ſuper- 
ſaturated with phlogiſton, though. of late i it has been ſaid by 
ſome that it has acquired ſomething that is of the nature of 

an acid, From my experiments upon it, with a burning lens 
in dephlogiſticated air, I ſhould infer, that the former hypo- 
thefis is true, except that the ſubſtance contains ſome fixed air, 
which is no doubt an acid; for much of the dephlogiſticated air 
diſappears, juſt as in the preceding ſimilar proceſs with iron. 
I threw the focus of the burning lens upon 2 dw. 5 gr. of 
Pruſſian blue in a veſſel of dephlogiſticated air, of the ſtan- 
dard of o. 5 3, till all the colour was diſcharged. Being then 
werghed, 


i 
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weighed, it was 1 dw. 2 gr. In this proceſs 7} oz. of fixed 
air had been produced, and what remained of the air was of 

the ſtandard of 0.94. Heating the brown powder to which 
the Pruſſian blue was reduced in this experiment in inflamma- 
ble air, it imbibed 81 oz. m. of it, and became of a black 
colour; but it was neither atttacted by the magnet, nor was 
it ſoluble in oil of vitriol and water, as I had expected it 
would have been. 

Again, I heated Pruſſian blue in dephlogiſticated air, of the 

ſtandard of 0.2, without producing any ſenſible increaſe of 

its bulk, when I found three ounce meaſures of it to be fixed 
air, and the ſtandard of the reſiduum, with two meaſures of 

nitrous air, was 1.35. The ſubſtance had loſt eleven. , 
the greateſt part of which was evidently water. 

To determine what quantity of fixed air Pruſſian blue would 
yield by mere heat, I put half an ounce of it into an earthen: 
tube, and got from it 56 Oz. m. of air, of which 16 0z. m. 
were fixed air, in the proportion of one-third in the firſt por- 
tion, and one- fourth in the laſt. The remainder was inflam- 

mable. There remained 5 dw. 20 gr. of a black powder, with, 

a very little of it (probably the ſurface)- brown. 

Comparing theſe experiments, it will appear, that the fred 

air procured by means of Pruſſian blue aud dephlogiſticated air 
muſt have been formed by Phlogiſton from the Pruſſian blue 
and the dephlogiſticated air in the veſſel: for if 240 gr. of 
this ſubſtance yield 16 0z. meaſures of fixed air, ten grains of. 
it (which is more than was uſed in the experiment) would have 
yielded only 0.6 oz, m. Nor is it polſible to account for the 
diſappearing of ſo much dephlogiſticated air, but upon the ſup- 
poſition of its being employed in forming this fixed air. 
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xv. On the ProduZion f nitrous | Acid and nitrous y By 
the Rev. Ifaac Milner, -B., D. F. R. 5. and Prefident of 
Queen 8 College, Cambridge. : 


Read July 2, 1789. . 


TT bas been known for 13 time, that a relation ſubſiſts 
between nitrous acid and volatile alkali. The latter 


has E been produced by help of the former; but I 
do not recollect that, in any inſtance, the volatile alkali has 5 


been proved to contribute to the formation of nitrous acid or 


nitrous air. Sõme caſes, however, have occurred to me where 


this evidently happens; and they appear ſo new and extraor- 


dinary, that I cannot but think they deſerve the attention of 


20 philoſophical , chemiſts. The my of the cxpernmants L- 


allude to is as follows. 


2. As ſoon as I had heard of the 8 of inflammable : 


air by the tranſmiſſion of ſteam through red-hot iron tubes, I 1 


had the curioſity. to try whether ſome other ſubſtances in 
the form of air or vapour might not, by a ſimilar proceſs, un- 
dergo material alterations. In particular, the nitrous acid 


ſeemed well to deſerve a trial, -both on account of the obſcu- 3 
rity and difficulties attending the theory of its production, and 


alſo of its important and extenſive uſefulneſs in chemiſtry. 
In the relation of my experiments on this head, it will be 


unneceſſary to mention the exact quantity of acid or of air ex- 


pended or generated, though I noted thoſe quantities pretty 
accurately 
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accurately at the time; for the main point I have in view in 
this deſeription, is to aſcertain the nature of the changes which 
took 'place ; and theſe do not depend upon the quantities of 
aerial fluids, but upon their properties. Beſides, whoever 
ſhall repeat theſe experiments will find the relative quantities 
to vary very much, according to the manner of operating ; 
and therefore, for the fake of brevity, I omit to mention 
them entirely, | | 
3. I began with boiling a little . nitrous acid in a 
ſmall retort, the neck of which Was cloſely luted to one end 
of a gun- barrel. The other end of it was immerſed ſome- 
times in water, and ſometimes in quickſilver, and eighteen or 
twenty inches of the middle part was ſurrounded with burn- 
ing charcoal in a proper furnace. In this manner the vapour 
and fumes of the boiling acid were tranſmitted through the 
_ red-hot tube, * the produce received at the end in the uſual 
manner. 
When the acid was made to boil indy; there paſſed over 
a conſiderable quantity of undecompoſed red nitrous vapour, 
what with a mixture of nitrous and phlogiſticated —_ 
When the proceſs was conducted more moderately, there 
was leſs nitrous vapour; and in the mixture of airs which was 
received in the glaſs veſſels, there was a much greater pro- 
portion of phlogiſticated air. 
4. In order to increaſe the ſurface of the red-bot | iron, and 
fect a more complete decompoſition of the nitrous vapour, 
the gun- barrel was crammed full of iron filings. The experi- 
ments were repeated with great caution, and almoſt the whole 
of the produce was found to be phlogiſticated air. It is how-. 
ever proper to mention, that, notwithſtanding every poſſible 
care, ſtill there will generally be in ſome degree an admixture 
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of nitrous air, and frequently of dephlogiſticated.a nitrous ait. 
= But I am ſatisfied that if the iron tube were ſufficiently long, 

ſo that a. very large portion of it might be heated red-hot, all 

the air received in this manner from, any quantity of nitrous 
acid flowly boiled would be found of that ſpecies called phlo- 
giſticated 1 

5. Theſe . ſeem altogether analogous to thoſe of 
Dr. PrIzsTLEY, in which nitrous air, by expoſure to iron, is 


converted firſt into dephlogiſticated nitrous air, and afterwards 


into phlogiſticated air. The only difference ſeems to be, that 
in my experiments the effect is brought about ſuddenly; 
whereas in the method of expoſition to iron much time is re- 
quired, And farther, in my method of operating, it is very 
difficult to conduct the proceſs ſo as to inſure the production of 
that ſingular ſpecies of air called dephlogiſticated Nitrous air, 
If the acid boil very quick, the product is nearly all nitrous 
vapour and nitrous air. If it boil very flow, and a ſufficient 
quantity of the iron tube be well heated, then the decompo- 
fition is almoſt complete, and little is received but phlogiſti- 
cated air. In both caſes, the progreſs of the converſion of 
nitrous acid to the ſtate of phlogiſticated air ſeems to be the 
ſame. Firſt, nitrous air is formed, then dephlogiſticated ni- 
trous air, and laſtly phlogiſticated air. This, I fay, ſeems to 
me tobe the natural order of the converſion, though I do not 
deny, that in the rapid manner of operating with the red-hot 
iron tube ſome particles of nitrous acid or vapour may pro- 
bably be inflantly changed into phlogiſticated air. And even 
allowing this to be the caſe, the fact may eaſily be explained, 

by ſuppoſing the ſucceſſive approaches to phlogiſticated air to 
be made in too ſmall ſpaces of time to be obſerved; nor does 
it in the leaſt invalidate the general concluſion, that nitrous 
—_ 
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air is nearer * ſtate of phlogiſticated air than nitrovs acid or 
_ nitrous vapour; and that dephlogiſticated nitrous air is ſtill 
nearer. It is very difficult to decide with certainty what the 
changes are which the particles of the acid undergo in their b 
* through different parts of the hot tube. 
From what has been ſaid, the moſt common. 0 will 
neobably appear to be, that a particle of the acid in the form 
of vapour firſt generates nitrous air ; that the parts of this are 
applied to freſh ſurfaces of hot iron, and ſuddenly changed into 
dephlogiſticated nitrous air ; which, laſtly, is applied to ſtill 
freſh ſurfaces of the tube or fragments of iron, and ſo con- 
verted into phlogiſticated air. When theſe ſucceſſive contacts 
with freſh ſurfaces of hot iron are not ſufficiently numerous or 
exact, it is not unnatural to conclude, that ſome n aſt air 5 
may eſcape not perfectly decompoſed. IP 
6. Theſe conſiderations induced me to alter the proceſs a 
little. Inſtead of boiling the acid in the retort, I put bene 
thin pieces of copper into a phial, poured nitrous acid 
them, and forced the nitrous air, as it was generated, to pu 
through the red-hot tube. The event anſwered my expecta- 
tion ; the decompoſition was effected 1 in this way eaſier than in 
the former. | 
But before I made this experiment, I — what would 
be the effect of mere heat upon nitrous air, as I had already 
learned from the experiments of others, that nitrous acid, 
forced in the form of ſteam through red-hot tubes of — or 
glaſs, underwent the moſt important alterations. | 
What might be the effect of long continued expoſure to a 
red heat I cannot ſay ; but I was ſoon convinced, that nitrous 
air might be forced through a red-hot glaſs ww without 
ſuffering any material change. — 
XN x 2 7. Laſtly, 
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Laft 1 I determined to try the effect of the gendes 
Abos > depblogiſticated: nitrous air, as from all that I had ſeen 
it ſeemed reaſonable to expect, that this ſpecies of air would 
be the eaſieſt reduced to the ſtate of phlogiſticated air. For 
this purpoſe, I diluted a ſaturated ſolution of copper in the 
nitrous acid, and put pieces of iron wire into it, and as the 
neck of the retort which contained the ſolution was luted to 
one end of the gun- barrel, the dephlogiſticated nitrous air 
was expoſed in its paſſage to the action of the red-hot tube, 
and alſo to the ſurfaces of the red-hot iron turnings which it 
contained. In this caſe, when the proceſs is conducted with 
proper care, all the air which is received at the other end of 
the tube will be found phlogiſticated. 
8. When the air received at the end of the gun-barrel 
was in the laſt mentioned ſtate, vis. perfectly phlogiſti- 
cated, I have frequently obſerved a white fume ifluing along 
with the air, and ſometimes aſcending through the water or 
mercury into the glaſs receivers. Upon examining this white 
55 fume, 1 ſoon perceived by the ſmell that it contained volatile 
alkali. 1 was much ſtruck with the obſervation, and imme- 
| diately recollected Dr. PxIEsTLRx's relation of a fimilar pro- 
duction by expoſing nitrous air to pieces of iron. 
9. Moſt of the experiments hitherto related were made i in 
the ſummer of 1786; in general they agree with thoſe of 
Dr. Pr1zsTLEY; the changes and productions are much the 
ſame, and the only new circumſtance is, as was obſerved at 
art. 5. The ſame effects are brought about mfiantl ly by the 
action of red-hot iron, which require much time by the me- 
thod of ſimple expoſure to cold iron. 
For which reaſon, though it gave me much pleaſure at the 
time to ſee ſuch curious tranſmutations brought about in a few 
= | minutes, 


5 applied a ſmall retort, containing the cauſtic volatile alkali. 
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mindtes, yet i ſcarcely appeared worth while to trouble the 
Royal Society with a detail of the experiments; and I only 
preſume to do it now, becauſe the conjectures which 1 then 
formed have been ſufficiently verified by future experiments. 
The conjectures were as follow: | 
10. Almoſt immediately upon ſeeing the volatite kan 
produced by means of nitrous acid and metals, I conceived 
the poffibility' of inverting the order of the proceſs, and of 
producing nitrous acid or nitrous air by the decompoſition of 
volatile alkali. 1 knew of no experiments wherein this had 
been done, or any thing like it; yet as volatile alkali was 
beyond all diſpute produced in the method juſt deſcribed, and 
as the iron turnings and infide of the gun-barrel were left after 
the operation in a ſtate of calcination, it ſeemed not unna- 
tural to ſuppoſe, that by forcing volatile alkali through the 
red-hot calces of ſome of the metals, nitrous acid or 
nitrous air might be produced. Some of ' my friends, to 
whom 1 mentioned the idea, conſidered it as a random con- 
jecture. However, I made a memorandum of it as a thing 
that deſerved to. be tried, though in fat I neglected for near 
two years actually to make the trial. It was ſome time in the 
month of March, 1788, that the calx of manganeſe on ac- 
count of its very great infuſibility, and its yielding abundance 
of dephlogiſticated air, occurred to me as a very proper ſub- 
ſtance for the purpoſe. I immediately crammed a gun- barrel 
full of powdered manganeſe; and to one end of the tube I 


As ſoon as the manganeſe was heated red-hot, a lighted can- 
dle was placed under the retort, and the vapour of the boiling 
volatile alkali forced through the gun-barrel, Symptoms of 
nitrous fumes and of nitrous air ſon diſcovered themſelves, - 
and 
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bie quantities of air, which on trial proved highly nitrous. 


I have ſince frequently repeated this experiment, and have 


of manganeſe employed, much on the heat of the furnace, 
and much on the patience of the operator; as theſe are va- 


detail of all the particulars of my experiments ſe > 
ceflary ; ; but it may be proper to give a general account of Al 


principal facts, and of the methods which were uſed to avoid 


erroneous concluſions. 


11. In general I made uſe of clean —— with which 


no previous experiments had been made. The manganeſe 


was uſed in rough powder; for when it is too finely pow= 


dered, the tube is choaked, and the air cannot paſs. 


| In ſome experiments I applied the vapour of the volatile 
EY alkali directly to dhe hot manganeſe. In others I ſuffered 
to remain a conſiderable time in a red heat 
before I made the volatile alkali, contained in the retort at the 


the manganeſe to 


end of the tube, to boil; and by this means I informed my- 


ſelf of the nature of the airs which the manganeſe yielded 


ger ſe. 


to a conſiderable heat; but nothing nitrous comes from it, 


 tinued a long time; and I examined this point with great di li- 


always in ſome degree ſucceeded. Much depends on the kind 


ried, there will be great variations of the products. A minute - 


In neither caſe nds Jever perceive the leaſt appearance of 
nitrous acid or nitrous air till the volatile alkali was uſed. 

| Manganeſe, per fe, gives airs of different kinds (but chiefly 
fixed and dephlagiſticated airs) as ſoon as ever it is ſubjected 


either on the firſt application of heat, or after it has been con- 
gence. But ſoon after the volatile alkali begins to be applied, 


the jars in which the air is received will frequently turn 
Hightly 


— = 


nightly red; An redneſs 2 increaſe on — m- 
ſpherical . | X 

- The cauſtic alkali ſhould be nas. 00 as * as 1 . my 
ſerved the longer the proceſs is continued, the ſtronger will 
be the nirrous air produced. At leaſt this evidently appeared 
to be the caſe in ſeveral inſtances, where the Os was 
continued for a long time. N 

In moſt inſtances, on the very commencement of this pro- 
ceſs, a ſmall jar of the air thus collected diſcovers by the ſmell 

a nitrous impregnation. But it ſometimes happens, that ſeve- 

ral jars of air may be collected, and the admiſſion of atmo- 
ſpherical air to them will not produce a ſenſibly red colour. 


Here, however, there exiſts a cauſe of deception againſt 


which the operator ought to be on his guard, leſt he ſhould 
conclude that no nitrous air is formed, when in reality there is 


a conſiderable quantity. The volatile alkali, - notwithſtanding 
eyery precaution, will frequently paſs over in great quantities 
undecompoſed. If the receivers are filled with water, a great 

part of this will indeed be preſently abſorbed; but ſtill ſome 
portions of it will mix with the nitrous air formed by the pro- 


ceſs. Upon admitting the atmoſpherical air, the nitrous air is 
_ decompoſed, and the red nitrous fumes inſtantly combine with 


the volatile alkali. The receivers are preſently filled with 
white clouds of nitrous ammoniac; and in this manner a 
wrong concluſion: may eaſily be drawn, from the want of the 
orange colour of the nitrous fumes. A conſiderable quantity | 
of nitrous air may have been formed; and yet no orange 


colour appear, owing to this circumſtance ; and therefore it is 


eaſy to underſtand how a ſmall quantity of nitrous air may be 


moſt effectually diſguiſed by the ſame cauſe. - 


3 12. Theſe 
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* enen ene ne, en 
= Theſe obſervations are made n the fake 5 
thoſe who may with to repeat theſe experiments. The main 

point to be eſtabliſhed, is the actual formation of nitrous air 

by. this method. And this truth I confi der as proved beyond 

A controverſy; for by continuing the proceſs patiently, and 

applying repeatedly freſh portions of ſtrong volatile alkali to 

the ſame manganeſe, kept conſtantly hot in the gun- barrel, 1 


have often collected large jars of air, which was proved to be 
highly nitrous by mixture with atmoſpherical or with — 
giſticated air. 
13. It is not eaſy to ſay, whather in mis prove dephlo- i 
giſticated nitrous air, or even nitrous acid itſelf, be not ſome- 
times immediately formed by the action of the volatile alkali 
on the manganeſe. Traces of the former, in ſome inſtances, 
5 ſeem to diſcover themſelves; but I do not ſpeak decidedly on 
/ this head. As to the latter, it is very certain, that fumes of 
the nitrous acid often circulate in the jars that receive the air. 
But poſſibly theſe fumes may ariſe from the decompoſition of 
nitrous air, by means of the fu perfluous dephlogiſticated air 
of the manganeſe. 5 
14. The ſteam of boiling water was be to red hot man- 
ganeſe in a ſimilar way; not the leaſt nitrous appearance; but 
the fixed and dephlogiſticated airs were generated much more 
plentifully than when the manganeſe was urged by mere heat. 
When theſe airs had been collected in large quantities, the 
volatile alkali was applied as before to the reſiduum of the 
manganeſe, and nitrous air ſoon appeared. 
15. As manganeſe is known to produce a very extraordinary 
change upon ſpirit of ſalt in a moderate heat, it ſeemed not 
improbable, that a ſtill greater change might take place by 
working in this method. Accordingly I forced the vapour of 


3 boiling 
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voiting ſpirit of cult to paß n red-hot a This | 
experiment did not anſwer my expectation; ; the product was a 
mixture of fixed and inflammable air. But it deſerves to be 
noticed, that even in this caſe, after the effect of the ſpirit of 
ſalt had been tried for a long time, a production of nitrous air 
upen the application of volatile alkali to the ſame manganeſe 
ſoon took place. | | 
16. As there are many other ſubſtances beſides the calx of 
n manganeſe, which are known, per ſe, to afford dephlogiſti- 
cated air, or a mixture of this with fixed air, it was natural to 
| conclude from analogy, that ſach ſubſtances upon the applica- 
tion of volatile alkali would not fail to afford nitrous _ 
It is beſt, however, in theſe matters to truſt as little as poſ- 
ſible to conjectures. and to bring every opinion to the teſt of 
experiment. Manganeſe i is ſo ſingular a ſubſtance, that it is 
perhaps hardly ſafe, from what happens in making trials with 
it, to infer in any inſtance of another calx of a metal a ſimi- 
larity of effect. Red lead, however, is known to agree in 
ſuch a variety of chemical effects with manganeſe, that I find 
it difficult to perſuade myſelf that the volatile alkali properly 
applied to it would not yield nitrous acid or nitrous air; 
vet 1 have hitherto in vain attempted to bring this about. The 
red lead, indeed, melts during the proceſs, flows into the 
cooler parts of the tube, and often choaks the paſſage of the 
air; but in ſome trials a great deal of air has been collected 
before that happened, and without any ſymptom of a nitrous 
mixture. It ſeems difficult to explain the reaſon of the failure; 
perhaps with a better adapted apparatus, and more perſeve- 
rance, either the production in queſtion may be obtained, or 


the cauſe of the failure diſcovered. 
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7. With caleined green vitriol I had much better ſucceſs, 
The fate was calcined to whiteneſs, and put into a gun- barrel; 


the hot tube, I procured o* the (pany ſome ounces of 
ſtrong nitrous air. 
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and, after ſeveral trials of forcing the volatile alkali through 


So extraordinary an effect would no doubt have 8 
highly grateful to the ancient chemiſts, and have been by them 


denominated a tranſmutation. 


In the courſe of my enquiries, I conſidered this experiment 
as important, becauſe it proved, that the ſame combinations 


might take place when ſubſtances were made uſe of different 
from manganeſe. 2 


18. As calcined green vitriol, per ſe, in a ſtrong heat yields 


dephlogiſticated air, I had now no doubt but that any ſub- 
ſtance which had this property might, * ſimilar e, 
be made to afford nitrous air. 


But in this ſuppoſition ] was entirely miſtaken, The vola- 


tile alkali was applied to ſome calcined alum at the moment 
when it was yielding in a ſtrong heat plenty of dephlogiſti- 
cated air. The product was an aſtoniſhing quantity of in- 


flammable air, mixed with hepatic air and actual ſulphur. The 


reſiduum of the alum had a ſtrong hepatic imelI, and contained 


particles of perfectly formed ſulphur. 


Moſt of theſe experiments, if not all, were 1 in 


earthen tubes inſtead of gun-barrels, and with the ſame 
ſucceſs. 


19. It now only remains, chat I ſhould briefly propoſe what 


occurs to me as the probable theory and explanation of the 
facts related. 


The ingredients which enter into the compoſition of ni- 


trous acid ſeem to be the two principles or elements of the atmo- 


ſphere, 


nitrous „ ee 1 "I 


is the caſe, there ſeems little reaſon to doubt. 


poſition and decompoſition of nitrous acid renders the e ſuppol- 
tion probable. For, 5 


1. Nitrous air and Jephlogilticated a air by mixture » ele 


nitrous acid; and nitrous acid, by mere heat, is converted into 
a mixture of phlogiſticated and dephlogiſticated airs. 
2. Nitrous air, by the methods already related, is changed 


into phlogiſticated air, and theſe methods ſeem to confiſt in 


abſtracting from the nitrous air a quantity of — 
air. | 

3. When nitrous acid and nitre are produced in a natural 
way, the proceſs is not well underſtood ; but the mas of 
the atmoſphere is known to be neceſſary. 


4. Mr. CavenDisn's experiment is deciſive on this point. 
The union of the two airs in queſtion is effected by means of 


the electrical ſpark, and nitrous acid is the product. 


In the next place we are to conſider, that volatile alkali 


contains phlogiſticated air; for, 


1. Volatile alkali, by mere heat, or by the electrical ſpark, 


- Is changed into a mixture of Phlogiſticated and inflammable 
air; and, 


2. The reſiduum of volmile alkaline air, after the calces of 


lead have been revived in it, is phlogiſticated air, 
Therefore, when volatile alkali, in the form of fume or air, 


is applied to red-hot manganeſe, or calcined green vitriol (ſub- 


ſtances which are then yielding dephlogiſticated air), with 
theſe facts in view, it ſeems not difficult to conceive, that one 


of the ingredients of the alkali, iz. phlogiſticated air, ſhould 


combine with dephlogiſticated air, and form nitrous acid or 
Nitrous air, If nitrous acid be formed, it will indeed in that 
mm ©” heat, 


ſphere, * phlogiltcate and Jephlogiſticated air. That this 
Both the com · 
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heat, as as been obſerved, be be inſtantly decompoſed ; but it 
the effect of the union be nitrous air, that will ſuſtain the heat 
Wuhout decompoſition. How it happens, that nitrous air ſhould 
be formed, and not nitrous acid, or what the reaſon is, that 
= nitrous; air can ſuſtain a red heat dene decompoſition, | 

hen nitrous acid cannot, Lam unable to ſay; and it is better 
to acknowledge our ignorance than advance groundleſs con- 
jectures. S0 much, I think, may be pronounced as certain, 
vi. that nitrous air contains leſs dephlogiſticated air than ni- 
trous acid; becauſe it requires the addition of dephlogiſticated 5 
air to become nitrous acid. 
And, laſtly, if I miſtake not, ao! experiment with the cal- 
5 cined alum proves, that, in order to produce nitrous air, it is 
not ſufficient. merely to apply volatile alkaline air to a ſub- 

ſtance which is actually yielding dephlogiſticated 1 
Perhaps the preſence of another ſubſtance is required, which 

has a ſtrong attraction for phlogiſton. Perhaps, in the experi- 
ments with the calces of ; manganeſe and of iron, the inflam- 

mable principle of the volatile alkali combines with the calces | 
of the metals, and the phlogiſticated air, the other component 
part, unites with the dephlogiſticated air; and if ſo, it ſeems | 
not improbable to ſuppoſe, that when ow! is made uſe of, 
the inflammable principle of the volatile alkali having little or 
no attraction for clay, the baſis of the alum, ſhould combine 
with its. acid and form ſulphur, If this reaſoning be true, 
then it follows, that the vitriolic acid has a ſtronger affinity to 
the inflammable principle than it has to phlogiſticated air ; and 
the proceſs with the green vitriol and manganeſe is to be ex- 
plained by the operation of a double affinity: the inflammable 
Principle of the volatile alkali joins with the calx of iron, the 
Hof | baſis 


nitrous „ Acid Fe rr "Mr. | 3 3 3 
baſis of the vitriol, or with the manganeſe, and the phlogiſti- 
cated air with the — air by the acid in 
the red heat. 

Thoſe who chuſe to reje& the 4 of phlogiſton muſt 
make the neceſſary alteration in theſe expreſſions ; but the 
reaſoning will be much the ſame. 
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ported by three friction Wheels. 


A Model in Wood of the fame, with | four 
friction Wheels, when the Weight is great. 


A Model of a Marine Barometer Tube. 
| Meteorological Diary, kept at Madras, from 
Feb. 18, to Sept. 30, 1787. MS. 


Perſpectire View of the Font in the Church of 
Worlingworth, in the County of Suffolk, 
drawn by N. Revett, AT by G. Ver- 


tue. 1753. 
Rede bey der Gedichtniſsfeyer Hevelii den 
28 Jan. 1787, gehalten von E. P. Blech. 


Dantzig. . 4 


Dec, 11, Florz Cantabrigienſi Supplementum alterum, 
AuQtore R. Relhan, Cantabrigiz, 1788, 
8® 


18. l i PEdition in folio des Oeuvres 
de M. Perronet. Paris, 1789. fol. 
Commentarii de Rebus in Scientia Naturali 


et Medicina geſtis. Vol. XXIX. Lipſiæ, 


1787. 8 
* 


Jan. 8 . Tabula exhibens crania Rhinocerotis Africz, 
et Rhinocerotis Aſiæ, 1787. 

An Account of the Pelew Iflands, compoſed 

from the Journals of Capt. Henry Wilſon 


6 


Donors. 


Dom. Blondin, | 


The Empreſs of Ruſſia, 


The Royal Academy of 


Sciences of Stock- 


- holm. 


Col. Pearce. 


Col. Pearce. 


| William Petre, Eſq. 


S 


Mr. J. Nichols and Mr. 
R. Loder. 


. Blech, of 


Dantzig. 


The Rev. Richard Rel- 
han, M. A. F. R. S. 


M. Perronet, F. R. 8. 


Mr. Hurlock, F. R. 8. 


petrus Camper, M. D. 


r 
George Keate, Eſq. 
F. R. S. 
Jan. 
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Preſents. 


= 
and ſome of his Officers, by G. Keate. 


London, 1788. 4? 
1 8. The London Medical Journal. Vol. IX. 
London, 1788. 8* - 


Deſcription * Gites de Minerai et des 
Bouches A Feu de la France. 3e et *. 
Partie. Paris, 1789. 

An Eſſay on the Recovery of the apparently 
dead, by C. Kite. London, 1788. 85 

15. An Eſſay on the Fracture of the Patella or 

Knee - pan, by John Sheldon. London, 


1789. 


Earth's s Diameters, by T. Williams. Lon- 

don, 1788. 

29. Decouverte d'une Methode peu couteuſe, 
efficace et affurce de traiter 


Vie ceux qui ne ſont morts qu'en appa= 
Tence, par J. G. C. A. Baron de Hupſch. 
Cologne, 1789. 


Animal and vegetable Life, by R.  Harring- 
ton. London, 1781. 8? 


Thoughts on the Properties and Formation of 


the different Kinds of Air. Londen, 1785, 
Y 


5 A Letter endeavouring to prove, that the 


newly adopted Opinions of inflammable and 


dephlogiſticated Airs forming Water, and 


the Acids being compounded of the different 


Kinds of Air, are fallacious, by R. Har- 
* 


5 rington. London, 1788. 
Feb. 5. Abſtracts from a Meteorological Regiſter, kept 
July. 1788, Ms. . 
Aſtronomiſches Jahrbuch für das jahr 179 
von J. E. Bode. Berlin, 1788. 3 
A ſhort Appendix to Dr. Monro's Treatiſe on 
Medical and Pharmaceutical Chemiſtry. 
London, 1789. | 8? 
A Meteorological Journal of the Year 1788, 
kept in Pater- noſter- Row. London, by 


12. 


W. Bent. 4 
2 2 


Vor. LXXIX. 


1 
22. Method to diſcover the Difference of the 


go 


tous les 
Hommes decedes, afin de rappeler a la 


1 
Enquiry in the Firſt and general Principles of 


in Hudſon's Bay, from Ociober, 1784, to 


Donors. 


Samuel Foart Simmons, 
M.D.F.R.S. 


Mr, Charles Kite. 


Mr. Sheldon, F. R. 8. 


Mr. Thomas Williams. 


Baron de Hupſch. 


NM. John ee. 


Me Nab, Eſq. 


Mr. J. E. Bode, F.R.S. 


Donald Monro, M. D. 
F. R. 8. 


Mr. Willam Bent. 


Feb. 
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( 318 } 
i 8 | Preſents. 2 55 Donors. 


1789. 3 | 
Feb. 19. II Mercurio Italico, Gennajo, 178g. Lon- Mr. Francis Saſtres. 


don. 8? 

A Regiſter of the Barometer, Thermometer, Mr. Charles Kite. 
Hygrometer, Rain, Dew, Evaporation, | ; 
Wind, and Appearance of the Sky, at 

Graveſend, in Kent, for the Years 1787 

and 1788, MS, fol. ; with a Chart of 

Meteorology for the Year 1788. 

The Preface to a Specimen of a general The Rev, Francis Wol- 
Aſtronomical Catalogue; arranged in Zones laſton, LL. B. F. R. S. 
of North Polar Diſtance, by F. Wollaſton. it 
London, 1789. i 

Chronological Tables of the High Sheriffs of Edmund Turnor, Eſq- , 

the County of Lincoln. London, 1779. 4 PF. R. 8. 

12. A Syſtem of Hydroftatics, by T. Parkinſon, The Rev. Thomas Par- 


March 5, 


Cambridge, 1789. TTS. 
April 2. A Treatiſe * the Materia Medica. 2 vols. William Cullen, M. D. 
Edinburgh, 1789. ads „ : 


30. Memoires de FAcadeiie' Imperiale et Royale The Imperial and Royal 
5 des Sciences et Belles Lettres de Bruxelles. Academy of Sciences 
nn Tome V. Bruxelles, 1788. „n ROY 
Memoirs of the Medical Society of London. The Medical Society of 
Vol. II. London, 1789. © © © _, * London. | 
A General Hiſtory of Muſic, by C. Burney. Charles Burney, Muſ. 


£ Vol. III. and IV. London, Tp "© DLELCS 
_ Reliquiz Rudbeckianz, cura J. E. E. Smith. James Edward Smith, 
Londini, 1789. <2 _. MATES 
11 Mercurio Italico. Febraio e Marzo, 1789. Mr. Francis Saſtres. 
London. 8 


May 9. Hiſtoire de V Academie Royale des Sciences, The Royal Academy of 
 annee 1786. Paris, 1788. - 4 Sciences of Paris. 
Meteorological Account of the Weather at Sir Joſeph Banks, Bart. 
Madras, from June 1, 1787, to May 31, Pr. R. 8. 
1788. Madras, 1788. 1 f 
Coden DiplomaticussSiciliz ab a. 82) ad 1072, Sir William Hamilton, 
cura Spd, Airoldi, Tom. I. Panormi, K. B. F. R. S. 
1788. ' fol. 8 | 
The Hiſtory and Antiquities of Newcaſtle The Rev. John Brand, 
upon Tyne, * Brand. 2 Vols. Lon- M. A. Sec. A. 8. 


don, 1789. of 

4 Hiſtoire Naturelle du 3 et de ſes Envi- Comte G. de Razou- 
rons, par M. le C. G. de Razoumowſky. mowſiky. 
Tomes II. Lauſanne, 1789. | 8² 


2 3 | 2 May 


: | 1 | + | ; - , 
2 0 | Preſents, | 


1789. 
May YT Lettre contenant la Deſcription des frottoirs | 


Electriques d'une nouvelle Conſtruction. 


Donors. 


Martin van Marum, 


NM. D. of Harlem. 


HFarlem, 1789. es: 


14. Original Letters written during the Reigns of 
Henry VI. Edward IV. and Richard III. 


Sir John Fenn, Kat, 


+9 1019 


publiſhed by Sir John Fenn. Vol. Il]. and © | 


IV. London, 1789. 


4 
Lettre au Docteur Maty, par Abbe Coyer. 
Bruxelles, 1767. be” 


21, Experiences ſur les Vegetaux, par J. Ingen- 


houſz. Tome II. Paris, 1789. 8⁵ 
Traité des Principales Maladies externes et 


internes, par J. F. de Herrenſchwand. 
Berne, 1788. 4 
Memoires ſur l' Agriculture du Boulonnois. 


Boulogne, 1784. 3 1 


A Portrait of the late Sir William Watſon, 


Knt. M. D. V. P. R. S. painted by Abbot. 


28. A new Engliſh Tranſlation of the Pentateuch, 


by Iſaac Dalgado. London, 1789. - of 


De la Liberte de Commerce. Beauvais, 
© $9 8” 


June 11. Britannia, by W. Camden, tranſlated and 
enlarged, by R. Gough, London, 1789. 


3 Vols, fol. 


Eſſai ſur la Montagne falifere du Governe- 


ment d' Aigle dans le Canton de Berne, par 

„ , WY 4, Ang » 

The Coach of Safety. Two coloured Plates, 
with a printed Account of it. 


18, J. Gzrtner de fructibus et ſeminibus Plan- 


tarum, Stutgardiz, 1788. 4 


Joly 2. A View of the Reign of Frederick II. of 


Pruſſia, by J. Gillies. London, 1789. 8* 


Letters from Barbary, France, Spain, Por- 


tugal, &c. by an Engliſh Officer. 2 Vols. 
London, 1788. 8? 
Vitz antiquz Sanctorum qui habitaverunt in ea 
parte Britannniæ nunc vocata Scotia vel in 
ejus inſulis; edidit J. Pinkerton, Londini, 
1789. 8? 
The Hiſtory and Antiquities of Canonbury- 
_ at Iſlington, by J. Nichols. Lon- 
don, 178g. 3 4* 
2 2 2 


William Seward, Eſq. 

„ 

A 
F. R. 8. 


Jonathan Watſon, Eſq. 


F. R. S. 


Le Baron de Courſel. 
William Watſon, Eſq. 


F. R. 8. 


Mr. William Blizard, 


N 
M. Briſſon. 


Richard Gou 5 — 


F. R. 8. 
M. Wild. 


Mr. John Hatchet. 


Joſeph Gzrtner, M. D. 


F. R. 8. 


John Gillies, LL. D. 


. 
Major Jardine. 


John Pinkerton, Eſq. 


- 


Mr. John Nichols. 


July 


4 
4 2 
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1789. 


Donors. 


Jar 2. Voyage à la —_ VOTE" qui ſe trouve à Profeſlor Ziromerman, 


M.,olfetta en Pouille, par M. Zimmerman. 
7 Paris, 1789. 8⁰ 


1 Cburchman's Addreſs in Support of the 
Principles of the Magnetic Variation, and 


their applications in determining the Lon- _ ' 
gitude at Sea, 1 fol. 


F 


of Brunſwick. 


Mr, Jokn Churchman. 
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TO THE 


SEVENTY-NINTH VOLUME 


| A. 
9 UN = of a bituminous lake or plain, in be iſland of Trinidad, p · 


Account of a particular change of ſtructure in the human ovarium, p. 71. 3 
of a monſter of the human ſpecies, p. 157. Account of a finking-in of the ground 


near Ketton, in Rutland, p. 164. 

Acid, nitrous. A red heat not neceſſary to the converſion of nitrous ak into pure air, 
p. 147- Volatile vitriolic acid contains the proper element of dephlogiſticated air, p. 
292. Pruſſian blue ſuppoſed to have acquired ſomething that is of the nature of an 
acid, p. 298. Experiments on the production of nitrous acid and nitrous air, p. 
300. A relation ſubſiſts between nitrous acid and volatile alkali, ibid. Nitrous acid 
produced by a mixture of nitrous air and dephlogiſticated air, p. 311. Vitriolic acid 
ſuppoſed to have a ſtronger affinity to the inflammable principle than it has to phlo- 
giſticated air, p. 312. 

Action of points in electricity, experiments on, pp. 278, 281. 


Air, inflammable or dephlogiſticated, when either of them is extracted from any 6 


ſtance in contact with the other kind of air, ſo that one of them is made to unite with 
the other in what may be called its naſcent fate, the reſult will be fad air; but if both 
7 of. 


Tt BY Y 
of them be completely formed before their union, the reſult will be a-erow acid, > 12. 
All inflammable air, according to the antiphlogiſtie hypotheſis, comes from water 
 _ only, ibid. A ſmall quantity of inflammable air is procured, by ſending x a ſteam over 
melted ſulphur, p. 15. Inflammable air produced by a diffolution of iron in- diluted 
vitriolic acid, ibid. Vitriolic acid air cotitatis the Tame inflammable principle with 
 inflammable'air,- p. 16. Nitrous air, When mixed with dephlogiſticated air, has no 
tendency to produce phlogiſticated air, p. 149. Nitrous air has no effect on phlo- 
gifticated air, ibid. Nitrous air does not contain ſo much phlogiſton as an equal bulk 
of inflammable air, p. 150. Alkaline air converted into inflammable air, p. 295. 
Nitrous air and de phlogiſticated air by mixture produce nitrous acid; and nitrous 
air, by mere heat, is converted into a mixture of phlogiſticated and dephlogiſticated 
airs, p. 309. Nitrous air changed into phlogiſticated air, by abſtracting from the 
nitrous air a quantity of dephlogiſticated air, ibid. The reſiduum of volatile alkaline 
air, after the calces of lead bave been revived in it, is phlogiſticated air, p- 311. 
The vitriolic acid ſuppoſed to. have a ſtronger _ to the men * 
than it has to phlogiſticated air, p. 312 


Alkali, volatile, changed into a mixture of phlogticated your Jnflommadle air by mere 
heat, p. 311. 


Almanac, nautical, the moſt ue work of we kind, p- 60. 
Altitude. See Quadrant Altitude. 4 1 
Ampbibia, a claſs.of animals ſo-called 5 Lipnzvs, 5. ET Obſervations « on this claſs, 


. ibid, Linnzus particularly unfortunate in the conſtruction of this claſs, ibid. Am- 
phibia Nantes not furniſhed with lungs, ibid. N 


Anderſon, Alexander, on a bituminous lake in the Iſland of Trinidad, p- 65. 


Afam, a country bordering on, and much connected Rm * P. 107. 
Auraction, law of. See Problems. 


Azimuth. See Quadrant of Altitude. 


. 
B. 
- + 


Bahar, the country adjacent, highly injurious to European conſtitutions, p. 80. 

HBaillie, Matthew, on a particular change of . in the n Cy p. 71. See 

Ouarium, alſo Ovaria. b | 

Balls. in electricity, a variety of, unneceflary, p· PER | 

Barter, Thomas,” Eſq. Abſtract of a regiſter for the year 1 188, of the 82 
thermometer, and rain, at ahh in Rutland, Alſo of the rain in — and Op 
Surrey, p. 162. | 


Barometer, ſtate of, at London daring the year 0700, P. 114—1 38. 

Borer, deſtructive to ſhips, p-. 8. 

Boutan and Thibet, ſome account of the vegetable and RPO produXions of Pp: 79> 

Bray (La). See Tarslake, | wo | 
13 


4 
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Buxaduar, many of the plants peculiar to Bengal require nurfing at, p. 80. Buraduas 


unhealthy to- ſtrangers from May till September, p. 81. State of the thermometer 
there, ibid. Several excellent . of water in its neighbourhood, ibid. | 


c. 


Chats three ſprings diſcovered near this place, forcing their way PER the ground 


with violence, and giving riſe to a lake many miles in extent, well- ſtored with water- 
fowl! and excellent fiſh, p. 92. The water of the lake impregnated with alum and 
ſelenetic earth, p. 93. The productions of Chalu, ibid. 

Cbepta, its ſituation and productions, p. 84. Here are ſeveral ſprings, and one Aby 
impregnated with iron, ibid. Between Chepta and Pagha, a mineral well, ſtrongly 
impregnated with iron, diſcovered by Mr. Saunders, ibid. State of the thermo» 
meter at Chepta, ibid. 

Chooka, two mineral wells lightly impregnated with iron, diſcovered by Mr, Saunders 
nears p. 83. Natives of-Chooka not unacquainted with the method of f exrafting 

iron from the ſtones, but deſpiſe its uſe in building, ibid. 

; Cold, 1 experiments relating to the production of, p. 199. 

Coluber lauticaudatus, a ſpecies of venomous . the fangs of which are as ſmall 
as common teeth, p. 30. 5 

Cranes, obſervations * p- 8 8 Its —_— pe I 52. 


Datura . or Thorn - apple, uſed medicinally in China 155 _ parts of f Thiber, 


p. 89. A powerful narcotic, * c 
** See Later. e 
ina, productions of, p. 92. State of the Ae at, ibid; 
. flate of the thermometer at, ſoil, and productions of, p. 90. Here are many 
ſ ſprings fl phtly 2 — with a ſelenetic earth, ibid. 


E. 

| Earth, and other planets of the Copernican ſyſtem, are bodies not Jaminous in them- 

ſelves, p. 213. gs Eg Lo 

Eclipſe. See Sun. 5 

Elericity, experiments and obſervations on, p. 265, On the excitation of electricity, 
ibid. Plate machines do not collect more electricity than cylinders do with half the 
rubbed ſurface, p. 269. The line of light on a cylinder departing from a ſimple 
cuſhion conſiſts of returning electricity, p- 273. The projecting part of the cuſhion 
compenſates the electricity upoñ the cylinder, and by diminiſhing i its intenfity prevents 
its ſtriking back in ſuch large quantities as it otherwiſe would do, ibid. The method 


of producing conſiderable intenſity, ibid. The action of the cylinder, by a ſimple 


cuſhion. 
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OS ehen er the hand, was firſt improved by the addition of a kits as then by 
a moiſtening the rubber; afterwards by applying the amalgam; and, laſtly, by the 
addition of a filk flap, p. 278. Experiments on the luminous appearance of electri- 
city and the action of points, ibid. The eſcape of negative eleQricity from a ball 
attended with the appearance of ſtrait ſharp ſparks with a hoarſe or chirping noiſe, 
-PP+ 278, 279+ A variety of balls in electricity unneceſſary, p. 280. Volta's 
opinion, that a point is the coating to an infinitely ſmall plate of 1, erroneous, p. 
281. In any electriſied conductor the tranſition or eſcape of electricity will be made 
chiefly from that part of the ſurface which is the moſt remote from the natural ſtate, 
p. 282. Thicker glaſſes require much leſs electricity to produce an intenfity which 
breaks them than thinner do, p- 284. The perforation of glaſs by the long ſpark, or 
by the ſpark through oil or cement, ſuppoſed to depend on the intenſity of the electri- 
city, which has not time to diffuſe itſelf, but charges a minute part of the ſurface 
very high, p. 286. Muſcovy talc, a very perfect non- conductor; capable of being 
divided into plates of leſs thickneſs than a two-bundredth part of an inch; in conſe- 
quence of its great capacity gives very ſtrong electric ſhocks ; and its laminæ, con- 
trary to the aſſertion of Beccaria, are naturally in ſtrong oppoſite ſtates of A, 
and flaſh to each other when torn aſunder in the dark, ibid. k 
Euler's ; hypothefis of refraction of the differently refrangible rays of light proved to be 
falſe, p. 257. His hypothetical principle neither fit for rendering a teleſcope achro- 
atic, nor to account for the diſtinctneſs of the human viſion, ibid. 
Excitation of electricity, experiments on, p. 265. Strength of the excitation aſcer- 
rained, ibid. Silk the chief agent in excitation of electricity, p. 271. Ln 
Experiments and obſervations on the principle of acidity, the compoſition of water, and 
phlogiſton, p. 7. Experiments on the phlogiſtication of ſpirit of nitre, p. 139. 
Experiment proving that heat and not light gives colour to ſpirit of nitre, p. 140. 
Experiments on the congelation of quickfilver in England, p. 199. Experiments 
relating to the production of artificial cold, ibid. Experiment proving that mercury 
may be frozen not only in England in ſummer, but even in the hotteſt climate, at any 
ſeaſon of the year, p. 202. Experiments illuſtrating the ſubject of producing cold, 
pp · 209, 210. Experiment illuſtrating the theory of viſion, p. 261. Experiments 
and obſervations on electricity, p. 265, Experiments ſhewing that the office of filk 
is not merely to prevent the return of electricity from the cylinder to the cuſhion, 
but that it is the chief agent in the excitation ; while the cuſhion ſerves only to ſupply 
the electricity, and perhaps increaſe the preſſure at the entering part, pp. 265, 266. 
Experiments on the luminous appearances of electricity and the action of points, p. 
278. Experiments on the action of points in electricity, pp. 281, 282. Experi- 
ments on the tranfmiffion of the vapour of acids through an hot earthen tube, and 
farther obſervations relating to phlogiſton, p-. 289. Experiment on oil of vitriol, 
ibid. Experiment on ſpirit of nitre, p. 291. Experiment in which alkaline air is 
converted into inflammable air, p. 295. Experiments relating to the doctrine of 


phlogiſton, 
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phlogiſton, ibid. Experiments ſhewing that manganeſe, per ie, gives airs of different 
kinds, but chiefly fixed and dephlogiſlicated airs, as foon as it 1 Is ſubjected to a conſi- 
derable heat, p- 306. 

Eyes. Fifteen inches the diſtance at which the Andi © of eyes ſee with the moſt 
diſtinctneſs, p. 2 58. 


F. 


Fangs, venomous, in ſerpents, merely offenſive weapons, p. 33. Situation of veno- 
mous fangs always in the anterior and exterior parts of the upper jaw, p. 34. 

Fru&ification chiefly depends on rain falling at the latter end of the ſeaſon of flowering, 
P. 3% | | 


G. 


| Gentoo Boy, an aſtoniſhing living ſubject, haviog his brother 3 to his breaſt, 
p- 157. Portrait of, p. 159. 
Glaſs, the perforation of, by the long electric ſ park, or by the ſ park e oil or 


cement, ſuppoſed to depend on the intenſity of the electricity, which has not time 


do aiffuſe itſelf, but charges a minute part of the ſurface very high, p. 285. 
Globe, terreſtrial _ celeſtial, few inſtruments that better fulfil their defign in — 


Pe. Io 


Grey, med Whinker, cn the dab ef abend G hy Linnea, Autbibla, ind par 
ticularly on the means of — thoſe ſerpents which are venomous from 


thoſe which are not ſo, p. 21. 
Ground, account of a ſinking in of the, near Ketton i in Rutland, p; 1 64. e 


Heavens, remarks on the eonſtruction of, p. 212. 
Herſebel, Dr. William, on a comet, p. 151. 


—— — Catalogue of a ſecond thouſand of new nebulæ and cluſters of Rars ; ; kd 


introductory remarks on the conſtruction of the heavens, p. 212. 
Hunter, John, on the identity of the ſpecies of the Dog, Wolf, and Jackal, p. 160. 
Hutchinſon, Rev. Mr. B. on the dryneſs of the year 1788, p. 37. 


I. 
Fact al, See Letter. 


Tron, diſſolved in concentrated acid of vitriol, produces vitriolic acid air; but being 


diſſolved in diluted vitriolic acid, produces inflammable air, p. 15, The decompoſi- 
tion of water, by means of iron, a fallacy, p. 17. Iron imbibes nothing but water 
when it parts with its phlogiſton, ibid. 5 
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k. 


Kite (electrical) raiſed by Loammi Baldwin during the approach of a 2 thunder 
ſtorm, p. 275- Effect of the electricity _ him, Pe 276, 


: 


Lac; the produce of, and a ſtaple article of commerce in, Aſſam, p. 107. Tag neither 
a gummy nor a reſinous ſubſtance, though it has ſome properties which are common 
to both, ibid. Known in Europe by the different appellations of ſtick- lac, ſeed-lac, 
and ſhell-lac, ibid. Uſed as a dye by the natives of FW p; 109. The method 

f of purifying 1 . id. 

Lats bituminous, See Trinidad, alſo . 


— Tincal found in a lake in Thibet, which is fifteen days journey northward from 


Tiffoolumboo, p. 96. Great quantities of rock ſalt found in this lake, p. 97. 
Letter, ſ , on the identity of the ſpecies of the Dog, Wolf, a Jackals 
p. 160. 


Letters, two, concerning a monſter of the human ſpecies, p· 1 57. 158. 
Light, capable of giving colour to ſpirit of nitre, p. 140. 
| —— an attempt to explain a difficulty in the theory of viſion, depending on the 


different refrangibility of light, p. 256. Euler's hypotheſis of refraction of the 
differently refrangible rays of light proved to be falſe, p. 257. 
Lime-ſtone, rock of, diſcovered at Punukha ; very advantageouſly fituated for being 
worked, and exceedingly pure, p. 8 ;. 


Linnæus, many of his deſcriptions given in a very careleſs manner, p- 21. Particularly b 


unfortunate in the conſtruction of the claſs called amphibia, ibid. 


Liquor, green acid, procured by the exploſion of — and inflanmable a airs 
in * veſſels, pp. G, 9, 10. 6 


M. N 


Manganeſe, per «& gives airs of different kinds, 1 but chiefly rcd and ephlogilticated 
airs, as ſoon as it is ſubject to a conſiderable heat, p. 300. 

Mangrove ſwamps in the iſland of Trinidad, p. 65. £ 

Mar/ham, Robert, indications of ſpring, p.'154—156, 


 Maſhelyne, Dr. Nevil, on a difficulty in the theory of viſiap, dopraiting on the refran+ 


gibility of light, p. 256. 


Mercury, 
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Mercury, experiments-on the congelation of, p. 199, Vide Experiments. Bpicifoe. 
Meteorological journal for the year 1788, kept at the apartments of the Royal Society, 


p- 114137. Seę Tables, 
Miner, Rev. Iſaac, on the production of nitrous acid and nitrous air, p. 300. 
Monſter of the human ſpecies, account of, p. 157. See Gentoo Boy, 


the value of a contingent reverſion in which three lives are involved in the ſurvivor- 

ſhip, p. 40. 

Muriſbong, a pleaſant and n Stasi, p. 82. The foil rich and fertile, produces 
good crops, ibid. 

Myſcowy talc, a very perfect non - conductor; capable of 3 divided into plates of leſs 
ttzhickneſs than a two-hundredth part of an inch; in conſequence of its great capacity 
gives very ſtrong electric ſhocks; and its laminæ, contrary to the aſſertion of Bec- 

caria, are naturally in ſtrong oppoſite ſtates of electricity, and flaſh to each other 
when torn aſunder in the dark, p. 285. One ſolid inch of Muſcovy talc contains 
electricity enough to charge a oonductor of 7 inches diameter, and 1 3 5 feet long, ſo 
hi gh as to give a nine-inch ſpark at leaſt, p. 286, 


— 


Rs 
Naja, a ſpecies of ſerpent, very venomous, wa 
Natron, phoſphorated, produces more cold by ſolution in the diluted nitrous acid, than 


the vitriolic natron, p. 208. Vitriolated natron, added to marine acid, undiluted, 


produces very nearly as great a degree of cold as when mixed with the diluted nitrous 


acid, p. 210. 
Nebalæ and cluſters of ſtars, catalogue of a thouſand, p- a ee Tables. 


Nichs!/on, Mr. William, On electricity, p · 266. 


Nitre, ſpirit of, experiments on the phlogiſtication of, p. 7 139. Light only capable of 


giving colour to ſpirit of nitre, contained in phials with ground ſtoppers, p. 140. 
Experiment proving that Beat and not /ight gives colour to ſpirit of nitre, ibid. Spirit 
| of nitre, in its moſt dephlogiſticated ſtate, conſiſts of a proper ſaturation of the acids 
with phlogiſton, p. 289. Experiment on ſpirit of nitre, p. 291. 

Nitrous air. See Air. 


0. 

Ohjectiont to the experiments and obſervations relating to the principle of acidity, the 
compoſition of water, and phlogiſton, conſidered ; with further experiments and 
obſervations on the ſame ſubject, p. 7. 


Ozfervations and experiments on the principle of acidity, the compoſition of water, and 
phlogiſton, p. 7. Obſervations on the claſs of animals called, by Linnæus, Am- 


Aaasz phibia ; _ 


Morgan, William, on the method of determining, from the real probabilities of life, 
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phibiaz Jen on the means of illinguiing thoſe ſerpents which are 

\ venomous from thoſe which are not ſo, p. 21. - Obſervations on the dryneſs of the 
year 1788, p. 37. Obſervations on a comet, p. 151. Obſervations and experiments 
on electricity, p. 266. Further obſervations relating to phlogiſton, p. 289. 

Ovaria in women ſubject to a great variety of changes, p. 71. Many of theſe changes 
ſimilar to thoſe which take place in other parts of the body, ibid. Ovaria in women 
have ſome power within themſelves of taking on a proceſs which is imitative of gene- 
ration, without any previous connection with a male, p. 72. = 

Ovarium, account. of a particular change of ſtructure in the human, p. 71. Natural 

ſubſtance of an ovarium changed into a fatty maſs intermixed with hair and teeth, 


ibid. The growth of hair and teeth in the ovarium ſuppoſed by Dr. Tyſon to be 


a lufts nature, ibid. note, 


. 


Pagle, ciation: of, p. 84. 
Purag hon, its foil rich, and abounding with paſture, j p. 88. Its be ibid. 
Colder here at all ſeaſons than at Taſſeſudon, p. 89. Iron ſtones found near Pa- 
raghon, and one ſpring highly impregnated with this mineral, ibid. 
Ptogifton, experiments relating to the doctrine of, p. 295. 
| Phoſphorus, after the aſcenſion of it in dephlogiſticated air, there i is a confiderable quan- 
| | tity of fixed air in the reſiduum, p. 16. 
= "HF Piazzi, Rev. Joſeph, reſa!t of calculations of the obſervations made a at various places of 
 B | the eclipſe of the ſun, which happened June 3, 1788, p. 55. 
Paint. A force acting at a given point may be reſolved by an infinite anther. of ways 
into two, three, or more forces acting at the ſame point, either in the ſame or dif- 
ferent planes with the given force and each other; and, vice wer/#, any number of 
ſuch forces acting in the ſame or different planes may be redueed into one, p. 18 Se 
Example proving this aſſertion, ibid. See Problem. 
Points 10 electricity, experiments on the action of, pp. 281, 232. The effects of points | 


depend on the . of their extremities from the other uo of the I, 
p-. 282. 


Portrait of a Gentoo boy, p. 1 1 
Precipitate, per ſe, yields no fixed air by heat, p. 12. 
Preſents, liſt of, made to the Royal Society. from Norember 1788 to July 1789, 
P. 314. 
Prieſiley, Rev. Dr. Joſeph, objections to the experiments and obſervations relating to 
the principle of acidity, the compoſition of water, and phlogiſton, confidered ; with 
further experiments and obſervations on the ſame ſubject, p. 7. On the phlogiſtica- 
tion 
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"tion of ſpirit of nitre, p- 139. On the tranſmiſſion of acids through an hoe Scheel 
tube, and further obſervations relating to phlogiſton, p. 289. 


PzoBLEMS. If the ages of three perſons be given, to determine, fiom any table of 


obſervations, the value of the ſum payable on the contingency of the laſt perſon's 
- ſurviving the ſecond, provided the life of the firſt ſhall be then extinct, p- 41. 
This problem ſolved and demonſtrated, ibid. 


I. Given the law of attraction of each of the parts of a given line in terms cf 


their diſtance from a given point; to find * attraction of the whole line on 


the point, p. 186. 


II. III. Given the attraction of each of the parts of a given ſurface in terms of 
their diſtance from a given point, and an equation expreſſing the relation 


between an abſciſs and its correſpondent ordinates of the ſurface; to find the 


attraction of the ſurface on the given point, p. 18 * Alſo, to find the nn. 


of a given ſolid on a given point, p. 189. 


IV. Given an equation expreſſing the relation between two abſciſſæ and their cor- 


reſpondent ordinate of a ſolid; to find its ſolid contents contained between two 
values of its firſt abſciſſa, p. 194. 5 

V. Given an equation expreſſing the relation between the two abſciſſe of a ſolid, and 
the correſpondent ordinates ; to transform the firſt abſciſſa into any other, p. 196. 


Pruſſian blue generally ſuppoſed to be a calx of iron ſuper- ſaturated with phlogiſton, 
though ſuppoſed by ſome to have acquired ſomething that is of the nature of an acid, 
p. 298, The quantity of cd © air that Prufſian blue would yield by mere heat deter- | 


mined, P- 299. 


Punukha, a root of pure lime · ſtone diſcovered here by Mr. Soendets, p. . Abun- 
dance of fire wood in this part of the country, p. 83. The houſes of this country 


are lofty, and the timbers ſubſtantial, but the inhabitants are unacquainted with the 
uſe of ** p. 83 84. State of the thermometer _ p. 25 


Quadhart᷑ of altitude, deſcription of an improvement in the application of, to a celeſtial 


globe, for the reſolution of problems dependent on azimuth and altitude, p. I. 


Duickfibver, experiments on the congelation of, p. 199. Experiment proving that 


quickfilver may be frozen not only in England in ſummer, but even in the hotteſt 
climate, at any ſeaſon of the year, p. 202. Another experiment illuſtrating the 
congelation of * ibid. Another experiment on the congelation of 2 
filver, p. 203. 

Quickfitver, being frozen md broken, afforded a beautiful appearance of flat plates 
| converging towards a center, p. 204. Congealed quickſilver bore an exact reſem- 
| blance, both in colour and plated ſtructure, to ſulphurated antimony, p. 205. 


Rain, 


— — — — 46 hy. ch. 
- a+ _— - . - 


———— 
-_— 


oo — — OO + rm, 


8 15 \ conſidetable defeld of, 3 in 9 2768, p. 37+ The quantity of 14in fallen 


— 


: "5 
9 . | "Ae | ; \ 
: ; | 
7 vo : 
330 1 


dt Kimbolton compared with that of the ſeven preceding years, ibid. Monthly ſtate 
of rain for 1788, p. 38. Quantities of rain during the year 1788, p. 114—138, 
Regi Her. Abſtract of a regiſter, of the barometer, thermometer, and rain, at Lyndon in 


Rutland: alſo of the rain at South Lambeth in . and n 
in Hampſhire, p- 162. 


Reichel, Baron, on a monſter of the human ſpecies, p- 167. 

Remarks on the conſtruction of the heavens, p. 212. 

Rock ſalt, univerſally uſed for all domeſtic purpoſes i in Thiber, Boutan, and : Naphaul, 
P- ** 


2 


Salis, —_ which Induce any remarkable degree of cold by ſolution in mineral 


acids, loſe their freezing property, when 3 of their water of cryſtallization, 
p. 209. 


Sanba, production of, p. 90. State of the thermometer at, ibid, 


Satellite, See Saturn. 


Saturn (the planet) has a fixth ſatellite revolving round it, p. 2 5 5. 


Saunders, Robert, on the * and mineral Productions of Boutan and Thibet, 
P. 7% 
TR here is a hot well much frequented by people with venereal * Wenns 
tiſm, and all cutaneous diſeaſes, p. 94. State of the thermometer when immerſed 
in the water of this * ibid. Its water contains a n of hepar ſulphuris, 


ibid. 


Serpents, venomous fangs in, 505177 offenſive weapons, p. 33. — of venomous 
fangs always in the anterior and exterior parts of the upper jaw, p. 34. All veno- 
mous ſerpents have only two rows of teeth, but all others have four, P- P- 35 Propor- 


* tion of venomous ſerpents to others, as 1 to 10, p. 36. 
Simadar, its ſoil very barren and unpromiſing, p. 93. Its productions, ibid. 


Small po, not treated properly by the phyſicians of Thibet, p. 105. 
Smeaton, Mr. John, deſcription of an improvement in the application of the quadrant 


of altitude to a celeſtial globe, for the reſolution of problems dependent on azimuth 
and altitude, p. 1. 


Spring, indications of, p. 1 847 56. 
Siam, catalogue of a thouſand new nebulz an cluſters of, p. forge o Every ſtar 


| ſuppoſed to be a ſun, ſhining by its own native brightneſs, pp. 213, 2 
Sulphur. By ſending a ſteam over melted ſulphur; a ſmall quantity of ds atr 
is procured, p. 15. Turbith mineral mixed with ſulphur makes it yield vitriolic 
+ 55 acid 


+ % 1 


; * 337 * ae | 

nid ls ibid. Suiphur bot that fimple ſubſtance which the ant-phlogilians fappole 

it to be, but contains phlogiſton, ibid. ; 

Sr, reſult of calculations of Sections inde x at various places of te ce of the 
fun, which happened on June 3, 1788, p. 55. 

Survivorſhip. On the method of determining, from the real probabilities of life, the 

value of a contingent reverſion in which three lives are involved in the ſurvivorſhip, 


p- 40. 


T. 


TABLES. 

Table of the obſervations made at Geib Loampit-hill, Oxford, Dublin, Mittau, 

Berlin, Vienna, Viviers, perinaldo, Rouen, Milan, Bologna, and Padua, on the 

eclipſe of the ſun, which happened June 3, 1788, and of reſults deduced from the 

ſame, p. 62. 

Table repreſenting obſervations made at Warſaw, Prague, Marſeilles, Preſmonſter, and 

Bagdad, on the eclipſe of the fun, which happened June 3» 1788, ard reſults deduced 

from the ſame, p. 64, 

Pale, journal for the year 1788, kept at the apartments of the Royal Society, 

for January, p. 114, 115. February, 116, 117. March, 118, 1:9. April, 

120, 121. May, 122, 123. June, 124, 125. July, 126, 127. Auguſt, 128, 120. 

September, 130, 131. October, 132, 13 Ze November, 134, 135- December, 

136, 137. 

Table of the greateſt, leaſt, and mean heights of the thermometer en and within, 
and of the barometer; alſo obſervations of the quantities of rain, p. 1 . 

Table containing indications of ſpring, p. 154— 156. 

Table of a ſecond thouſand of new nebulæ and cluſters of ſtars, p. EYES Firſt claſs, 
bright nebulz, p. 226. Second claſs, faint nebulz, p. 229. Third claſs, very faint ne- 

bulæ, p. 238. Fourth claſs, planetary nebulæ, p. 246. Fifth claſs, very large nebulæ, 

p. 248. Sixth claſs, very compreſſed and rich cluſters of ſtars, p. 250. Seventh claſs, 

pretty much compreſſed cluſters of large or {mall ſtars, p. 251. — cl: als, coarſely 

ſcattered cluſters of ſtars, p. 253. 

Taki, its productions, p. 94. 

Talc. See Muſcory Talc. 

Tar-late, a bituminous lake in the iſland of Trinidad, p. 65. Called by the French 
La Bray, from the reſemblance to, and anſwering the intention of, ſhip pitch, ibid. 
Situate in the leeward - ſide of the ifland, on a point of land which extends into the 
ſea about two miles, ibid. Situation ſimilar to a Savannah, p. 66. Its colour, and 
even ſurface, preſent at firſt the aſpect of a lake of water, ibid, Of a circular form, 
and about three miles in circumference, ibid. Its common conſiſtence is that of 


pit- coal, 
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N W the colour 8 gepet, very friable, and, when. Kia, fil a, jet Black 
colour, p. 67. Some parts of the ſurface covered: with a thin and brittle ſcoria, a 
Betle elevated, ibid, Caleined earth mixed with ſome parts of its common ſubſtance, 
Ibid. The bituminous ſubſtance of this lake ſuppoſed to be the bitumen aſpbaltum 
Lianæi, p. 68. Its ſubſtance rendered ductile by heat ; and, mixed with a little 
greaſe or common pitch, is much uſed for the bottoms of ſhips, ibid. Suppoſed to 
de a preſervative againſt the Borer, ibid, 
7215 aden, productions of, p. 85. Taſſeſudon lower than the level of Paraghon, p. 
89. The capital of Boutan, P. 111. 
7 ber mometer, ſtate of, between Bahar and Buxaduar, p. Bo. State of it at Buzaduar, 
p. $1, Its ſtate at Punakha, p. 84. Its ſtate at Chepta, ibid. Its ſtate at Sanha, 
p. 90. Its ſtate at Duina, p. 92. Its ſtate at Tiſſoolumboo, p. 97, 98. State of 
the thermometer at London during the year 1788, p. 114—138, 
7 biber, the hills in this country have, from their general appearance, ſtrong da of 
containing thoſe foflils which are inimical to vegetation, p. 95. Tincal, which is 
afterwards refined into Borax, is found in inexhauſtible quantities in Thibet, p. 96. 
Rock ſalt found in great abundance in this country, ibid. Diſeaſes of, p. 98—106. 
Method of preparing mercury in Thibet, p. 100. The phyſicians of this country do 
not treat the ſmall-pox properly, their whole attention being to preſerve themſelves 
from the diſeaſe rather than to aſſiſt thoſe who are infected with it, p. 105, All 
communication with thoſe who have the ſmall-pox ſtrictly forbidden, ibid. Hot baths 
* uſed by the inhabitants of Thibet in many diſorders, ibid. ag 
 Tincal, found in inexhauſtible quantities in Thibet, p. 96. The lake * tincal is 
collected about fifteen days journey from Tiſſoolumboo, ibid. Tincal depoſited or 
formed in the bed of a lake; dug up in large maſſes, p. 97. Tincal is found only 
in ſhallow water, on the borders of the lake, ibid. Uſed in Thibet for 8 and 
to promote the fuſion of goldſand filver, ibid. | 
22 Molumboo, pioductions of, p. 94. Soil, ibid. State of the thermometer at, pp. 975 
98. The capital of Thibet, p. 111. 
Trinidad, account of a bituminous lake or plain in the iſland of, p. 6 5. Ia ſeveral parts 
of the woods in this iſland are hot ſprings, p. 69. 


Turbith mineral, being mixed with ſa)}phur, produces vitriolic acid air, p-. 15 See = 
Sulphur. 


V. 


Palues, &c. on the method of correſpoadent, p. 166. The method of correſpondent 
values eafily affords a reſolution of the problems contained in Mr. Brigg's or Sir 
Iſaac Newton's method of differences, p. 177. 


Fenereal diſeaſe, frequent in — P« 100. — of treating that dlorder in 
Thibet, p. 101. 


22 
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Vibes, py attenipt to explain. A difficulty in the theory of, p. 256, Experiment 

*  Wluftrating the theory of viſion, p. 261. 

Pitriol, oil of, in its moſt dephlogiſticated ſtate, nab fl of a proper ſaturation of the 
acid with phlogiſton, p. 289. 

Volarilk vitriolie acid contains the proper element of depblogiſticated air, p. 292. 


Volia's opinion, that a point in electricity i is the coating to an inſinitely ſmall. _ of 
air, erroneous, p- 281. 


* 


W. 
Walker, Richard, on the 3 of quickfilver in England, p-. 1996 
Waring, Dr. on the method of correſpondent values, &c, p. 166, On the reſolution of 
attractive powers, p. 185. 


: Water, the decompoſition of, by means of i iron, a fallacy, p- 17. A great want of 
mater on the cloſe of che = 1788 NIP felt, pe 37. 
Wal A See Leiter. 
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